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 @BEHABE
Appendix D to the 1978 Annual Report on Great Lakes Water Quality is the
fourth annual report submitted by the Radioactivity Subcommittee to the
Implementation Committee and to the Great Lakes Water Quality Board. The
Appendix contains detailed information and data available as of May 1979
regarding radioactivity in the Great Lakes Basin. A summary of this Appendix
appears in the Board‘s Seventh Annual Report to the International Joint
Commission.
Though the Board has reviewed and approved the Subcommittee's report for
publication, some of the specific conclusions and recommendations contained in
this Appendix may not be supported by the Board.
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 ﬂ INTRODUCTION
The Radioactivity Subconmittee reports annually to the Implementation
Committee of the Water Quality Board on_the radiological
status of the Great
Lakes.
This particular
report presents
information for calendar year 1978.
Figure
1
shows
the
geographical
locations
of
all
nuclear
facilities
in
the
Great
Lakes
Basin.
The Cook
2 nuclear
generating
station,
located
at
Benton
Harbor,
Michigan,
came
on
line
during
1978.
The
thirteen
nuclear
generating
stations
in the
basin
with
their
22
reactors
now
have
a total
installed
elec-
trical
generating
capacity of
14,807
Mw;
Table 1 provides
details
of each
facility.
Stations
currently
under
construction
or
planned
to
be
in operation
within
the
next
decade
have
a designed
electrical
generating
capacity of
23,861 MW; information regarding their location,
generating capacity,
and
completion dates
is given
in Table 2.
.
The
revised
water
quality
objective
for
radioactivity
was
included
in the
1978
Great
Lakes
Water
Quality
Agreement.
Compliance
with
the
objective,
which
is
expressed
in terms
of dose,
is
determined
by measuring
the
concen-
trations
of
specific
radionuclides
in
the
water,
and
converting
to
dose,
using
a procedure
recommended
by
the
International
COmmission
on
Radiological
Protection
(ICRP).
In 1977,
the
ICRP
changed
the
basis
for
converting
between
dose and concentration.
At
its July 1978 annual meeting, the
International
Joint Commission asked the Radioactivity Subcommittee to determine the
significance of the changes introduced by ICRP for the water quality of the
Great Lakes and to determine the adequacy of the radioactivity objective.
Chapter 2 of this report describes the objective, explains the changes
introduced by ICRP, and assesses the adequacy of the objective.
The International Joint Commission also asked the Radioactivity Subcom-
mittee to describe the impact of nuclear fuel cycle activities on the Great
Lakes Basin, with particular emphasis on the storage and disposal of high-
level radioactive waste.
Chapter 3 presents an overview of each step of the
nuclear fuel cycle, with particular attention given to waste management,
including the regulations
and options for waste
storage and disposal.
The
potential radiological impact on the Great Lakes Basin for each step of the
nuclear fuel cycle, for both normal and abnormal operation, is considered to
the extent possible.
Radiological
risk is also evaluated.
Present fuel
cycle
activities
in the basin,
the specific
impact of each,
and their present waste
management practices are described.
Chapter 4 tabulates releases of radionuclides from nuclear facilities in
the Great
Lakes Basin during 1978.
Chapter 4 also presents the protocol
developed for providing the International
Joint Commission with information
about
unplanned releases of radionuclides within the basin.
Chapter 5 reports on radionuclides detected in the sludge and in the
effluent
of municipal
sewage
treatment
plants.
 
 OPERATING NUCLEAR GENERATING STATIONS, 1978
TABLE I
     
LAKE STATION LOCATION REOEEOR EBEEERIﬁQL
MICHIGAN Zion I & II Zion, IIIinois PWR 2 X 1040
Kewaunee CarIton, Wisconsin PWR 535
Point Beach Manitowoc County, PWR 2 X 497
I & II Wisconsin
PaIisades Covert Township, PWR 805
Michigan
Big Rock Point CharIevoix County, BWR 72
Michigan
Cook 1 and 2 Benton Harbor, PWR 1054 & 1060
Michigan
HURON Douglas Point Tiverton, Ontario CANDU 220
Bruce A Tiverton, Ontario CANDU 4 X 750
ERIE Davis-Besse 1 OttaWa County, Ohio PWR '906
ONTARIO Pickering 1-4 Pickering, Ontario CANDU 4 x 540
Ginna Ontario, New York PWR 490
Fitzpatrick Oswego, New York BWR 821
Nine MiIe Oswego, New York BWR 610
Point 1
 
 TABLE 2
'NUCLEAR GENERATING STATIONS UNDER CONSTRUCTION OR PLANNED
 
' ESTIMATED
LAKE STATION LOCATION REACTOR ELECTRICAL COMPLETION
TYPE POWER, MN
DATE
MICHIGAN BaiIIy Nestchester Township, BwR 645 1986
Indiana '
Haven Sheboygan, Wisconsin PNR 900 1984
HURON Midland 1 & 2 MidIand, Michigan PWR 460 & 811 1981-82
Bruce B Tiverton, Ontario CANDU 4 X 750 1983-86
ST. CLAIR Greenwood St. CTair County, PNR 2 X 1200 1987-89
RIVER 2 & 3 Michigan
ERIE
Fermi 2
Monroe County,
BNR
1093
1980
Michigan
Davis-Besse Ottawa County, Ohio PNR 2 X 906 1981-84
2 & 3
Erie 1 & 2 Erie County, Ohio PNR 2 X 1260 1985
Perry 1 a. 2 Lake County, Ohio MIR '2 x 1205 1983
ONTARIO Nine MiTe Oswego, New York BwR 1100 1984
Point 2 -
SterTing 1 Cayuga, New York PNR 1150 1989
Pickering 5-8 Pickering, Ontario CANDU 4 X 540 1981-83
Dariington Oshawa, Ontario CANDU‘ 4 X 850 1986-89
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 A radioactivity surveillance plan for the Great Lakes was presented in the
Radioactivity Subcommittee's 1977 Appendix D. Chapter 6 summarizes the
adequacy of present radioactivity surveillance activities and the extent of
implementation of the Subcommittee's plan, in order to meet the requirements
of the 1978 Water Quality Agreement.
Chapter 7 tabulates data on levels of radioactivity in water and biota
samples collected during 1978.
The significance of the surveillance, monitoring, and release data are
discussed in Chapter 8. Changes in the concentration of selected radio-
nuclides with time are also considered, and compliance with the radioactivity
objective is determined.
The Subcommittee's conclusions are presented in Chapter 9.
  
RADIOACTIVITY
OBJECTIVE
AND
Z
D
O
S
E
C
A
L
C
U
L
A
T
I
O
N
RADIOACTIVITY OBJECTIVE
The
specific
radioactivity
objective
for
the
Great
Lakes
is
given
in
Annex
1
to
the
1978
Water
Quality
Agreement
(1):
The
level
of
radioactivity
in
waters
outside
of
any
defined
source
control
area
should
not
result
in
a
TEDso
(total
equivalent
dose
integrated
over
50
years
as
calculated
in
accordance
with
the
methodology
estab-
lished
by
the
International
Commission
on
Radiological
Protection)
greater
than
1
millirem
to
the
whole
body
from
a
daily
ingestion
of
2.2
litres
of
lake
water
for
one
year.
For
dose
commitments
between
1
and
5
millirem
at
the
periphery
of
the
source
control
area,
source
investigation
and
corrective
action
are
recommended
if
releases
are
not
as
low
as
reasonably
achievable.
For
dose
commitments
greater
than
5
millirem,
the
respon-
sible
regulatory
authorities
shall
determine
appropriate
corrective action.
The
details
of
the
objective
were
published
in
the
Federal
Register
(2)
and
were
also
given
in
the
Radioactivity
Subcommittee's
1977
Appendix
D
(3).
The objective was developed to protect public health and the environment.
It considers two major aspects:
1. Ambient water quality
2.
Control of release of radioactive materials
Ambient
concentrations
of
specific
radionuclides
must
be
considered
so
that
contributions from
all sources,
including
aerial deposition,
are taken into
account
when
total
equivalent
dose
to
man
is
calculated.
The
license conditions for nuclear operations,
such
as power generation,
mining,
milling,
and
refining,
permit
the
controlled
release
of
radionuclides
in the
aqueous
and
gaseous
discharges
from
these
operations.
The
objective
requires
that
both
the
concentrations
and
the
quantities
of
radionUClides
released
via
the
aqueous
effluent
from
each
operation
should
be
controlled
so
as
to
conform
with
the
recommendation
of
the
International
COmmission
on
Radiological
Protection
(ICRP)
that
"all
doses
be
kept
as
low
as
is reasonably
achieVable
economic
and
social
considerations
being
taken
into
account"
(4).
For
each
identifiable
source,
the
objective
established
a
series
of
action
levels,
based
on
the
total
equivalent
dose
measured
at
the
periphery
of
the
source
control
area.
The
source
control area
was
defined
as
the
"area
. . .
bounded
by
a
distance
of
1 km
radius
from
the
point
of
release
or,
in
those
cases
where
the
release
point
is
to
a
narrow
channel
or
river,
the
boundary
shall
be
a
point
1
km
downstream
from
the
source"
(2,
3).
  
  
CALCULATION OF DOSE
The
obj
ect
ive
is
exp
res
sed
in
ter
ms
of
a t
otal
equ
iva
len
t d
ose
to
a
"re
fer
enc
e m
an"
, i
nte
gra
ted
ove
r f
ift
y y
ear
s (
TED
so)
.
"Re
fer
enc
e m
an"
has
bee
n d
efi
ned
by
ICR
P (
5).
Thi
s w
hol
e-b
ody
TED
so
is
cal
cul
ate
d f
rom
the
con
cen
tra
tio
ns
of
the
spe
cif
ic
rad
ion
ucl
ide
s m
eas
ure
d i
n t
he
wat
er,
in
acc
ord
anc
e w
ith
the
pro
ced
ure
est
abl
ish
ed
by
the
ICRP
(2,
3,
6).
The
ter
m
TED
so
has
now
bee
n r
epl
ace
d b
y "
eff
ect
ive
dos
e e
qui
val
ent
" (
He).
The
deta
iled
obje
ctiv
e re
quir
es t
hat,
for
a si
ngle
orga
n or
tiss
ue,
the
tota
l eq
uiva
lent
dose
"sha
ll
be i
n pr
opor
tion
to t
he d
ose
limi
t re
comm
ende
d by
the
ICRP
for
that
tiss
ue”
(2,
3).
Most
radi
onuc
lide
s of
inte
rest
tend
to
concentrate in one or more “critical organs” or tissues. Under the former
ICRP procedure, limits were set separately for each organ, and the various
organ doses would have limited the ambient water concentrations.
In 1977, ICRP, in its Publication 26 (7), introduced basic changes in both
the philosophy and the methodology of radiation protection. These changes
give rise to a revised system of basic standards for radiation protection.
The changes also directly affect the conversion from dose to concentration
and, therefore, the corresponding maximum ambient water concentration for each
radionuclide. Two distinct factors contribute to the change in the maximum
concentration:
1. The use of improved metabolic parameters and dosimetric models.
2. Re-evaluation of the risk associated with a given organ dose.
As a result of these changes, at its July 1978 Annual Meeting, the
International Joint Commission asked the Radioactivity Subcommittee:
What is the significance for Great Lakes water quality of
the change in the ICRP method to calculate dose from con-
centration for radionuclides?
The major change introduced in Publication 26 is that the concept of a
"critical organ" has been replaced by a new concept in which the risk is equal
"whether the whole body is irradiated uniformly or whether there is nonuniform
irradiation" (7). Under the new method, the weighted products of all organ
doses are summed to obtain a total dose; this "whole body" dose is used
exclusively for risk comparison. However, the new method allows the calcula-
tion of implied organ limits, using the weighting factors promulgated in
Publication 26, which correSpond to the "whole body" limit. These implied
organ limits may be compared with the previous "critical organ" limits. Both
the implied and the critical organ limits must be scaled to correspond to the
radioactivity objective action conditions, since the total equivalent dose to
a single organ or tissue is to be in proportion to the dose limit previously
recommended by the ICRP for that tissue.
A detailed example of the effects of the changes introduced in Publica-
tion 26 are given in Annex I, where the change in the allowable concentration
'is calculated for 9°Sr.
The general effect of the changes introduced by ICRP is to permit
increased organ doses. However, the numerical differences cannot be
accurately quantified until ICRP Committee 2 releases its new "annual limits
of intake" for each radionuclide.
8
 ADEQUACY OF THE OBJECTIVE
The changes recommended by ICRP, in general, raise the numerical dose
limits to specific organs or tissues as compared to those allowed under the
older "critical organ" concept. The changes therefore permit a higher
concentration of most radionuclides in the Great Lakes. The ICRP changes
reflect that organization's re-evaluation of both the risk and the dosimetric
methodology associated with exposure to ionizing radiation. The Radioactivity
Subcommittee concludes, however, that the objective should remain unchanged
for the present since the net effect of these changes cannot be assessed until
the new ICRP limits are published.
There are other principles imbodied in the 1978 Water Quality Agreement
which act to limit ambient radionuclide concentrations. Maintenance or
improvement of existing water quality (as set forth in Article IV, Item 1(c)),
while difficult to achieve since a major input is via fallout, is still a
fundamental principle. The principle of discharges from nuclear power plants
being as low as reasonably achievable (ALARA) will also be Utilized. ALARA
also applies to other point-source inputs, such as from mining and low—level
waste management sites, but does not apply to such inputs as fallout.
The radioactivity objective also bans dumping of radioactive waste.
Interpretation of the proposed objective and development of numerical
secondary standards (concentrations for specific radionuclides) will be a
future responsibility of the Radioactivity Subcommittee. This would be
undertaken after ICRP Committee 2 publishes new dose-to-concentration
conversion factors.
Regarding the permanent disposal of radioactive waste, any changes in
dosimetric methodology given in Publication 26 should not alter the view of
the Radioactivity Subcommittee, since the goal is no release whatsoever from
any disposal site.
 
  
 @THE NUCLEAR FUEL CYCLE
INTRODUCTION
The International Joint Commission asked the Radioactivity Subcommittee to
prepare a report on United States and Canadian nucIear fueI cycIes with
emphasis on how they may impact on the Great Lakes Basin. The Commission
expressed particuIar concern as to the potentiaI impact of the storage and
disposaI of high IeveI radioactive waste on Great Lakes water quaIity.
The Subcommittee beTieves that a meaningfuI evaIuation of nucIear fueI
cycIe impact is not possibIe at this time since the muItitude of risk studies
performed in this area, e.g. reactor accidents or breach of repository
integrity, are not supported by an adequate data base. Estimates of radioIo-
gicaI impact are most commonIy made by assessing the risk, which is the
product of the probabiIity of an event and its consequence. In most criticaI
areas, neither of these is known with any degree of certainty. In many '
instances, experts in various discipIines differ wider in their estimate of
basic parameters. It shouId aIso be noted that identification of a
potentiaTIy hazardous practice nOrmaIIy resuIts in either the abandonment of
that practice or the institution of remediaI measures. As a consequence, the
impact of "normaI" fueI cycIe activities is smaII and the risk associated with
an "abnormaI" event is reduced since the remediaI measure is assumed to reduce
its probabiIity. The net effect of this approach is to sharpIy Iimit
puinshed estimates of fueI cycIe impact.
This chapter has, therefore, attempted to respond to the Commission's
request by presenting an overview of the nucIear fueI cycIe, with emphasis on
those aspects whose potentiaI impact is greatest. This chapter has been
separated into four sections.
In the first section, a brief description of each major step in the
nucIear fueI cycIe is given, except for waste management. IncIuded here are
the nature and types of radioactive materiaIs invoIved in mining, miIIing,
conversion (refining), enrichment, fabrication, power generation, and
transportationL
The next section comprises a detaiTed discussion of waste management.'
IncIuded here is a summary of present U.S. and Canadian reguIations affecting
waste storage and disposaI, an outIine of the cIasses of waste produced, and a
description of the options under consideration for finaI waste disposaT.
The third section attempts to deIineate, or at Ieast bound, the potentiaI
radioIogicaI impact on the Great Lakes Basin from each step in the fueI cycTe,
for both normaI and abnormaI operation. The vaIues presented are taken from a
variety of sources. Where a reIiabIe data base exists, as in most normaI
cycIe activities, the impact is smaII, and the magnitude of the numbers
reIativer unimportant. Where a potentiaIIy Iarge impact is possibIe, the
data base is virtuaIIy nonexistent. The various scenarios employed in the
risk anaIysis do, however, serve to iITustrate the types of impact which are
conceivabIe.
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 it into a semirefined form called "yellowcake", which is the feed material for
the production of uranium hexafluoride (UFs) and uranium oxides.
The radioactivity associated with uranium mill effluents comes from the
natu
ral
uran
ium
and
its
daug
hter
prod
ucts
pres
ent
in t
he o
re.
Duri
ng t
he
milling process, the bulk of the natural uranium is extracted from the ore,
and more than 99% of the ore material becomes the mill wastes or tailings, a
slurry of sandlike material. The tailings are pumped to an impoundment area
where the solids settle Out and accumulate to form a tailings pile. Each
location where a mill is operating or has operated has an accumulation of
tailings.
The "tailings pond“ or "tailings pile" is of prime importance in
estimating radiological impact because mining and milling remove only about
10-15% of the radioactive material from the ore; the remaining 85-90% remains
in the tailings pile where it can be a long-term source of radon gas, which is
readily dispersed and subsequently produces a series of radioactive decay
products. In addition, non-stabilized tailings piles may allow radium and
thorium to be blown or leached into surrounding areas.
Table 3 shows estimates of the wastes accumulated in both Canada and the
U.S. from mining and milling operations. 2“Rn, a decay product of 226Ra,
emanates from these piles at an avera e rate of about 600 pCi/mzs. Because
of the presence in the tailings of 23 Th which, by its decay, maintains the
radium inventory, the radioactivity in the tailings will remain for thousands
of years. '
CONVERSION
The conversion (refining) step purifies and converts yellowcake to UF5,
the chemical form in which uranium is fed to the enrichment plants, and also
to uranium dioxide, a form of uranium used for fuel fabrication. The process
employs a solvent extraction step to prepare high purity uraniumfeed prior to
reduction, hydrofluorination, and fluorination of the purified feed.
Radionuclides present in the conversion facilities are isotopes of radium,
thorium, uranium, and their decay products. Some of the decay products are
delivered to the facility as impurities in the yellowcake and others recur
there due to the continuing radioactive decay of the uranium. Uranium is
present in the majority of the plant processes, appears in liquid effluents,
and is essentially the only source of radioactivity in the gaseous effluents.
The radium, thorium, and decay products are separated from the uranium in the
conversion process and thus appear in the liquid effluents or solid waste
associated with specific purifying procedures. 180 tonnes of uranium
converted to 270 tonnes of uranium hexafluoride are required to support one
gigawatt-year of electricity generated by light water reactors. Conversion of
10,000 tonnes of uranium per year to uranium hexafluoride produces an
estimated 1,000 tonnes of solid waste (about 450 m3) that must be shipped to
a waste management site. -
ENRICHMENT
At present, there are no enrichment plants in the Great Lakes Basin.
However, enrichment is noted here since it comprises part of the nuclear fuel
cycle for light-water nuclear power reactors, which utilize uranium that is
enriched in 35U to the range of 2-4%.
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 TABLE 3
ESTIMATES OF WASTE ACCUMULATED FROM
MINING AND MILLING OPERATIONS
 
LOCATION OF ESTIMATE OF DRY EXPOSED APPROXIMATE ZZSRa
TAILINGS SURFACE AREA, in m2 CONCENTRATION, in pCi/g
WITHIN BASIN
Elliot Lake Area 35 X 105 500
Bancroft Area 3 x 105 500
OUTSIDE OF BASINa
Canada 26 x 105 500
United States 86 X 105 700
   
a; These tailings piles are not located in the Great Lakes Basin but will
have an impact due to emanated gaseous radon.
TABLE A
QUANTITIES AND TYPES OF WASTE PRODUCED
BY NUCLEAR POWER REACTORSa
 
 
    
TYPE OF WET AND DRY VOLUME TOTAL
REACTOR WASTE , ma ACTIVITY, Ci
U.S. Light WET (such as resin 500
Water and filters)
Reactorsbac 4,600
(1000 MWe) DRY 120
Canadian RESIN 11.9 550
CANDU Reactord wET
(500 MWe) FILTERS 0.3 410
" - COMBUS- 228 1.1
TIBLE
DRY
NON-COMBUS- 1 0.015
, TIBLE
a. Quantities of waste produced are for the size of the reactor given. It
should be noted that a doubling of the electrical generating capacity
does not necessarily result in an equivalent increase in the quantity
of waste produced.
b. Average, based on 2/3 ms and 1/3 BWR's.
c. - About 30 tonnes of spent fuel are produced each year.
d. About 65 tonnes of spent fuel are produced each year. To date, about
2,000 tonnes have been produced.
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TRANSPORTATION
Transportation of nuclear fuel material and waste products between U.S.
facilities is currently made by rail and truck shipments with barge trans-
portation being projected for the near future. In Canada, only road trans—
portation is used at present, but rail and barge are being considered.
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 WASTE MANAGEMENT
REGULATORY FUNCTIONS
Primary responsibility for developing a waste management program in the
United States is vested in the Interagency Nuclear Waste Management Review
Group (IRG). The IRG is currently engaged in producing a comprehensive
report, to be presented to the President, containing recommendations for the
handling and disposition of spent fuel and other wastes produced in the
nuclear fuel cycle (17). The present situation is complicated by the large
number of technical options available and various political considerations.
No firm estimates of the environmental effect of radioactive waste management
can be attempted until such basic questions as repository form, waste type,
and site location are specified.
There are, however, a number of present U.S. federal and state regulations
which are applicable to one or more nuclear fuel cycle operations. These are
summarized in Table 5. Several other United States federal agencies, including
the Department of Labor's Mine Safety and Health Administration (uranium
mining), and the Department of Health, Education and Welfare's Bureau of
Radiological Health, are authorized by federal legislation to issue regula—
tions on some aspect of radiation protection.
Radioactive waste management facilities in Canada are subject to the
Atomic Energy Control Regulations. These were formulated by the Atomic Energy
Control Board (AECB) under the authority of the 1946 Atomic Energy Control
Act. Canadian federal and provincial regulations applicable to some portion
of the nuclear fuel cycle are also summarized in Table 5.
Although the regulations cited will, where applicable, govern waste
management practices, it seems assured that waste disposal operations will be
the subject of more specific regulatory actions. The nature of these cannot,
at present, be specified.
CLASSIFICATION OF WASTE
Although the terms "high-level" and "low-level" are much used, there is no
generally accepted definition for either. Radioactive waste, however, falls
naturally into three categories: low-level, medium-level, and high—level.
Low-level wastes are those which contain such low concentrations or quan-
tities of radioactivity that they do not present any significant environmental
hazards. Even if they were released from their packages in a transportation
accident, they would nOt present much hazard to the public. Like any other
freight spilled at the scene of an accident, they would have to be cleaned up
because of their nuisance value. Under international regulations, they
require only normal industrial packaging for shipment and require no special
rail cars or other transport vehicles. Low-level wastes may include such
things as residues or solutions from chemical processing; building rubble,
metal, wood, and fabric scrap; glassware, paper, and plastic; solid or liquid
pgant waste, sludges, and acids; and slightly contaminated equipment or
o jects. ' ‘
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Medium-level wastes are predominantly beta-particle and gamma-ray emitters
(e.g. ion exchange resins, industrial isotopes) and usually require some
shielding materials as a part of the package. This waste may also be a
combination of low-level, alpha, and beta-gamma types. Beta-gamma waste
includes such things as irradiated reactor structural components, heavily
contaminated objects, concentrated solidified sludges or evaporator bottoms,
and nonrecoverable radioactive fuel scrap.
High-level wastes are spent reactor fuel or wastes from their reproces-
sing. Spent fuel is stored at the power plant site after removal from the
reactor; a schematic of such a storage facility is shown in Figure 3. At the
present time, reprocessing wastes are being stored in the Great Lakes Basin at
the Nuclear Fuel Services (NFS) site near Buffalo. These reprocessing wastes
have such a high radioactive content of long-lived isotopes that they require
long-term storage in isolation. Eventually these liquid wastes will probably
be solidified and shipped to a geologic disposal site. Figure 4 is a
schematic for handling, storage, and ultimate disposal of spent fuel and
reprocessing waste.
OPTIONS FOR WASTE MANAGEMENT
The objective of any waste management system is the isolation of the
radionuclides until they have decayed to a safe level. This is obviously true
for both Canadian and U.S. radioactive waste. While the U.S. incentive for
reprocessing is greater, it cannot be ruled out as a Canadian option. For
this reason, the Radioactivity Subcomnittee has included three fuel cycle
concepts in the ensuing discussion: the once-through (no reprocessing) cycle,
the uranium-only cycle, and the uranium—plutonium cycle. These differ
principally in that spent fuel is the only waste considered for the first,
whil
e th
e la
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two
prod
uce
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ly p
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ssed
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The
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ment
oper
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ns,
ther
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e,
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nd
strongly on the option chosen.
Was
te
man
age
men
t i
nvo
lve
s t
wo
maj
or
sel
ect
ion
s:
the
cho
ice
of
was
te
for
m
and the choice of repository. A multiple barrier approach has been proposed.
As the first barrier, the chemical and thermal characteristics of the waste
form can be varied in many ways. These include aging (cooling) prior to
prod
ucti
on o
f th
e di
spos
al
form
, d
ilut
ion
of t
he r
adio
nucl
ides
in a
matr
ix
material, transmutation and/or partitioning of certain isotopes, chemical
design of the waste form, and adjustment of the waste material configuration.
Canisters provide the next barrier. A selection of metals is available which
give
s va
riou
s de
gree
s of
isol
atio
n de
pend
ing
on t
he p
arti
cula
r di
spos
al
medi
um
and exposure conditions. Absorptive overpack materials such as zeolites and
bentonites are available as a further barrier. The disposal medium is a
massive barrier to the intrusion of wastes into the biosphere. A number of
choices range through stable, absorptive clays of the seabed; very deep hard
rock formations; granite, shale, basalt, salt, and other rock formations; to
outer space.
Opti
ons
for
low-
and
high
-lev
el
wast
e ma
nage
ment
are
give
n in
Tabl
e 6.
To
the best of the Subcommittee's knowledge, both Canada and the United States
are working toward some form of geologic waste disposal. Figure 5 is a
schematic of a geologic disposal facility. To date, no specific sites have
been chosen for the ultimate disposal of radioactive waste. In Canada,
19
   
VENTILATION STACK
  
—C———)
,9
ION
COOLER 2 u EXCHANGE
GROUND LEVEL
         
WWATER BAY
  
FUEL STACKS "
   
. . t
‘47.,
Fig. 3 SPENT FUEL STORAGE FACILITY
Figure from reference (46)
20
  
REACTORS
  
IRRADIATED FUEL
          
IRRADIATED
FUEL STORAGE
MATERIALS
STORAGE
A <— IRRADIATED ———>
1 FUEL
USEFUL MATERIALS
UNSEPARATED U/Pu
l
|
T WASTE DISPOSAL FUEL DISPOSAL
' /
1
SEPARATION
WASTE
v
WASTE FUEL
IMMOBILIZATION IMMOBILIZATION
IMMOBILIZED WASTE IMMOBILIZED FUEL
DISPOSAL
  
Fig. 4 OPTIONS FOR CLOSING THE URANIUM FUEL CYCLE
21
 
   
 
   
(Nyh’, . s a! x 5;, V I. i“ «‘3 v? u I ‘K ’ KR???) m
‘jthi "3‘15?‘7‘; I z; :4 X ‘ [>V‘f3:‘:“{ A2112“:
I:
6‘
31
";
ii
i
DI
LV
UT
IO
N
AN
IS
R
E
T
E
N
T
I
O
N
IN
BI
OS
PH
XE
RE
ﬁ
ﬁ
ﬁ
x
\
~’
~\
“U
..
..
\.
“a
ny
,
,v’
mﬁj
A
,‘
k‘
‘«\
A’V
.1.
R
‘
Q
ﬁ
i
ﬁ
é
“
s
§
:
<
‘
<
:
~
§
§
s
§
i
é
ci
wi
sﬁ
Ia
/Q
s‘
xq
Eg
gs
” <
1;
4:
:q
u
W
“
3%
,;
‘-
§€
x\
¥’
-I
gw
{¢
\?
1§
;
*J
i‘
x“
v~
\:
~‘
?‘
~3
&a
v
’
9
8
:
»
M
a
9
‘
3
»
32
'}
v
ﬁ
w
‘
w
i
x
m
k
a
"i
n
“S
JX
V-
h“
(i
(’
ﬂ\
>"
3’
:\
7"
,"
5’
51
S
uﬁ
"
)
. J
’I
\\
\‘
(
cm
,
X
3
m
m
E
R
*
ﬁ
‘
é
’
ﬁ
a
ﬁ
s
‘1
»;
b
i
g
M
A
S
S
I
V
E
G
E
O
L
O
G
I
C
:
g
x
é
ﬁ
g
é
g
g
c
v
ﬁ
s
f
ﬁ
h
Q FORMATION £15}? gag
sﬁ
st
’t
x
é
,‘
A‘
vw
vﬁ
‘L
\‘
gi
*§
§r
QQ
/¢
M}
Va
gx
A)
“,
J
J
“I
r“
'-
*~
'.
\
x
.
"
“
2
x
V
$
¥
>
R
v
~
.
Q
?
‘2‘
w
.:
"
g
x
‘
E
g
-
‘
I
Q
‘
S
‘
E
ﬁ
ﬁ
m
4
1
W
“
<
3
,
m
7
\
?
1
2
;
}
;
x
<
i
%
.
M
+
S.
1|
i
9
'
1
3
Q
’
ﬁ
ﬁ
é
“
*
3
”
§
-
M
;
i
n
«
e
m
:
2
%
 
5
I
1
\x
V:
m
“
«
:
I
m
a
55
)a
n
?
)
m
m
M
m
R
I3
\*
x'
;>
éé
%$
%g
g§
§§
x§
s§
g§
g
‘
‘3.
“‘i
‘
(is
’3‘
:
PU
3.
x‘
II'J
54
"}
:k
yvk
k4
i’v
’ﬁk
f’x
‘b
1
m
3ﬁ
§»
zg
g§
x%
\
‘3‘?
“
5;
It
wk
ag
BA
CK
FI
LL
ED
@5
29
)
33
13
.3
3
«-
X
i
}
£1
3
A
:‘5
EX
CA
VA
TI
ON
.
“p;-
Q;
{
ﬁ‘
fg
‘ﬁ
x‘
WK
"
IS
M
'
N
y
m
a
m
 
 
 
I \
u
I \ ‘ §i$3 y
k
v
:
B
U
F
F
E
R
MA
TE
RI
AL
g
m
ﬁ
g
g
,
R
E
N
E
E
)
:
*3
3"
3?
;
II
Ix
‘c
a
{
I
n
g
N
I
V:
“
i
s
»\
;
-
E
¢\
\
I
H
~Y
‘
m
v
3"
,?
“
g
3‘
a
m
D
U
R
A
B
L
E
C
O
N
T
A
I
N
E
R
R
x
”
x
x
x
J
V
k
L‘EWSI‘E‘? gvxﬁ‘ki‘s‘grka‘ésﬁ}mgfg
3%
$1
3.
52
*»
:
SO
LI
DI
Fl
ED
,3
) 5
’:
i§
§%
$‘
.§
~
a;
E:
~
{
N
U
C
L
E
A
R
,:
’
"3
",
N
I
é
Q
‘
Q
\
W
A
S
T
E
£9
95
.“
;1
:)
:
3
p
‘
f
u
ﬁ
j
x.
Q
}
\
q
m
’
\
_
a
.'_
"
g,
-
   
“
V
I:
"9
"}
‘3‘
”:
m
,
21
9%
"
am
az
nz
~a
ww
».
gr
gz
‘a
gm
.3
%
g
?
9%
,.
“
g
a
y
9
w
H
I,
v“
I.
m
y
:
~
(x
g.
j’
4‘
»;~
.
a“
~
.
k
w
“
'
$
5
I
3
\
%
i
§
3
*
‘
$
«
\
§
§
;
a
i
s
z
r
i
i
*‘
1'
:~
I}
.‘
&{
L,
ZC
‘
M
3
?
»
l
i
g
p
ﬁ
x
ﬁ
k
y
w
x
I
»
W
“
I
r 1 ‘ “‘
u ‘5“ ifxi,\w-\u§l‘x‘~ Inﬁ‘h‘x '
\
  
\AI‘. I
Fig.
5
FEA
TUR
ES
DES
IGN
ED
TO
ISO
LAT
E R
ADI
OAC
TIV
E W
AS
TE
Figure adapted from reference (29)
22
  
 TABLE 6
PROPOSED METHODS FOR DISPOSAL OF LOW— AND
HIGH-LEVEL WASTES
LOW—LEVEL
WASTE
HIGH-LEVEL
WASTE
 
Shaiiow Tand buriai, geoiogic
barriers only
Improved shaiiow Tand burial
Intermediate depth buriai
Deep weii injection
Hydrofracturing
.Empiacement in mined cavities
'Ocean disposaT, waste packaging
and engineering barriers only
Ocean disposai, waste form,
packaging and geoTogic barriers
 
Conventionai geoiogic disposal
Chemicai resynthesis
Very deep hoie concept
Rock meiting concept
Isiand disposai
Sub—seabed geoiogic disposaT
Icesheet disposai
Reverse-weii disposaT
A Partitioning and transmutation
Space disposai
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current AECB policy for waste management is "the indefinite retrievable
storage of . . . wastes in solid forms in a limited number of government
supervised, and preferably government operated, storage facilities". Specific
waste management facilities and their impact on the Great Lakes Basin are
discussed later in this chapter.
0f the various options for ultimate disposal of the high-level nuclear
wastes, some form of geologic disposal is considered to be the most
appropriate for both the U.S. and Canada.
CANADA
Current research in Canada is concentrating on disposal in hard, igneous
rock.
The Precambrian Shield has remained stable for over 900 million years,
and there is no reason to expect that it will not remain stable for many more
millions of years.
It is intended that the waste be buried 500 to 1,000
metres deep inside rock plutons - masses of rock formed as single units from
molten magma inside the earth's crust.
There are over 1,500 plutons across
Ontario (Figure 6) which will be the province where the initial disposal sites
will be developed since this is where most of the benefit of nuclear
generation has been obtained.
Atomic Energy of Canada Limited (AECL) has been given the lead role in
Canada for research and development of disposal methods for high-level nuclear
waste. AECL is also coordinating the work of other organizations involved in
the program. The research and development will determine whether permanent
disposal of radioactive waste in deep underground repositories in intrusive
igneous rock is safe, secure, and desirable. Geological field studies began
in 1978 to evaluate the effectiveness of barriers to prevent the release of
radioactivity to the environment. The tentative program schedule is:
1978-1980 - Geological survey work, experimental drilling, and
accelerated research and development
1981-1983 - Site selection for demonstration repository
1983 - Site acquisition
1985-2000 - Disposal demonstration
2000 and - Full scale facilities operational
Beyond
Federal-provincial coordination involves a committee representing AECL,
Ontario Hydro, Ontario Ministry of Energy, and the federal Department of
Energy, Mines and Resources.
UNITED STATES
The U.S. Nuclear Regulatory Comnission (NRC) has begun what will probably
be a long rulemaking proceeding which will result in new regulations for
shallow land burial of low-level radioactive wastes. Proposed regulations are
not expected until 1980. The NRC will also propose regulations in 1981 for at
least an alternative to shallow land burial. The NRC will prepare an
environmental impact statement to provide information and a basis for reaching
decisions on new criteria and rulemaking actions.
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The
NRC
is
add
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sin
g t
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fol
low
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que
sti
ons
for
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dis
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low-level wastes:
1.
Wha
t s
hou
ld
be
con
sid
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d s
ign
ifi
can
t e
nou
gh
to
dea
l w
ith
in
the
environmental review; how to decide which alternatives to shallow
land
buri
al
are
viab
le;
whet
her
low-
leve
l w
aste
shou
ld b
e di
vide
d
into categories.
2.
Whet
her
expl
icit
crit
eria
shou
ld b
e de
velo
ped
for
disp
osal
and
the
format and content for any such criteria.
3. What to consider in criteria for waste performance, site suitability,
design and operations, site monitoring and decommissioning, and
post-operational maintenance and funding; whether criteria are needed
in other areas.
4. The pros and cons of alternative disposal methods; which alternatives
should be given priority in development of regulations; whether other
viable alternatives exist and, if so, how they should be considered
from technical, economic, social, and other standpoints.
5. The extent to which a state should be held responsible for waste
generated within its borders.
Geologic disposal of high-level waste in salt deposits appears to be the
preferred U.S. option. There are a large number of salt deposits, including
several in the Great Lakes Basin (Figure 6).
The waste disposal schedules set in the United States were changed three
times in 1978. The current aim is to have the Department of Energy apply for
a waste disposal license in the early 1980's. A facility would then be
licenced between 1988 and 1995. During this period, the overall waste manage-
ment schedule is as follows:
1. The Department of Energy will develop one or more waste repositories,
or intermediate scale facilities, probably allowing for spent fuel
retrieval. The Department is also responsible for preparing relevant
environmental impact statements.
2. EPA will develop overall standards governing public exposure.
3. The NRC will develop licencing criteria and procedures.
4. The environmental impact statements will be coordinated, probably by
the Council on Environmental Quality.
5. The Department of Transportation will review transportation problems.
6. Legislation will be introduced clarifying the responsibilities of
each federal agency.
IMPACT FROM TYPICAL FACILITIES
Any attempt to quantify the impact of nuclear fuel cycle activities on the
Great Lakes Basin is subject to numerous reservations. Estimates of future
26
impact are even more uncertain since they depend on projections of nuclear
capacity, choice of fuel cycle, specification of site, and the content of as
yet unwritten standards and regulations.
While some phases of the nuclear industry, e.g. mining and milling, have
not been controlled to the same extent as others, the current worldwide
regulatory trend, particularly in the United States and Canada, has been in
the direction of increasingly more stringent controls. In the future, it is
unlikely that mine and mill operators will be allowed to abandon unstabilized
tailings piles. With a few exceptions, the overall impact of normal operations
related to the nuclear fuel cycle on the general environment and on public
health may be expected to be small. The corollary to this statement is that
most fuel cycle effects will result from abnormal releases. However, the
probability of large—scale releases cannot be accurately predicted since no
data base exists.
Having noted these reservations, an attempt has been made below to estim-
ate the overall impact of present and future nuclear fuel cycle operations on
the Great Lakes Basin. This section treats general classes of normal fuel
cycle activity as they relate to the Great Lakes Basin. Accidental releases
are covered in the next section, and the effects of specific basin facilities
in the last section.
The sources of exposure from normal fuel cycle activity have been catego-
rized by facility and effluent type as listed below:
1. Those facilities and effluents which act over substantial distances
and, thus, affect the basin even though not necessarily sited there-
in. The major sources in this category are the radon emitted as a
result of mining and milling operations, the 1"(I produced in
nuclear reactors, and the 8 Kr and 3H which are released from
reprocessing operations.
2. Those facilities which are sited in the basin and whose effluents,
therefore, enter directly into the basin environment. This category
includes local mines, mills, conversion facilities, and power
reactors. .
3. FacilLties which could at some future time be sited within the
basin. This category would comprise reprocessing plants and waste
management facilities.
There is a certain amount of difficulty involved in choosing useful
measures of radiation impact. The quantities cited in the literature are not
always consistent and the health effects resulting from environmental
radiation levels are imperfectly understood. In order to obtain some
consistency in this presentation, a limited number of terms, which are
discussed below, are employed. The definitions given are not intended to be
rigorous but to allow comparison of the results given.
l
l
l
l
The quantity most commonly used in assessing radiation impact is the rem.
The rem is basically a measure of the energy released in tissue, modified to
indicate its biological effect. At environmental levels, a millirem, or mrem,
is customarily used. While a variety of health effects may occur as a result
27'
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num
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an
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to
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s w
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g v
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pre
sen
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or
to
compare the impact with that of non-cycle activities.
To p
ut t
he d
oses
invo
lved
into
pers
pect
ive,
note
that
the
aver
age
dose
to
an individual from exposure to natural background radiation is about 150 mrem
per
year
.
For
a po
pula
tion
of 3
0 mi
llio
n l
ivin
g in
the
Grea
t L
akes
Basi
n, t
he
dose would be
 
(150 x 10'3rem) (30 x 106 persons) = 4.5 x 106 person-rem
If this is assumed to be all total-body irradiation, the number of cancers
would then be
(4.5 X 10'6 person-rem) (2 X 10‘“ cancers/person—rem) = 900 cancers
Note that this is the number of cancers which would be expected, over the
lifetime of this population, as a result of one-year's exposure to naturally
occurring background radiation.
The impact of nuclear fuel cycle operations on the Great Lakes, to date,
has been dwarfed by the effect of the residue from nuclear weapons testing.
gs an example, ambient levels of 9°Sr are currently about 1.0 pCi/L, but the
Sr contribution from reactor operations is projected to be less than 0.002
pCi/L through the year 2000.
The following section considers the impact that typical facilities could
have on the Great Lakes Basin. The impact of specific nuclear facilities
located in the basin is discussed later in this chapter.
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TABLE 7
INDIVIDUAL RISK OF FATAL CANCER PER PERSON-REM?"b
 
ORGAN 0R TISSUE RISK
TotaT bodyC 2 X 10-“
Red bone marrow (Ieukemia) 4 X 10'5
Lung 4 X 10-5
Breast (average for both sexes) 4 X 10'5
Gastro-intestinaI (except stomach) 2 X 10'5
Stomach 2 X 10.5
A11 otherd (for each site) 1 X 10.5
Thyroide 1 X 10'6
   
From Reference (15).
A quaTity factor of ten was assumed for aIphas.
In addition, there is a genetic risk foTIowing gonadaI irradiation.
Up to four sites other than those Iisted above.
Thyroid cancer incidence 1 X 10—5.
TABLE 8
DOSES AND HEALTH EFFECTS TO A REGIONAL POPULATION
WITHIN AN SO-KILOMETRE RADIUS OF A
SPENT FUEL STORAGE FACILITYa
 
DOSE HEALTH EFFECTS PER HEALTH
ORGAN person—rem 106 PERSON-REM EFFECTS
WhoTe Body 8,598 400 - 3.4
Thyroid 44 60 0.0026
Bone 1,017 32 0.033
Lung 6 40 0.00024
Red Marrow 5 54 0.00027
   
The reference environment consists of two miTIion peopTe. HeaTth effects
are for the Tife of the faciiity pTus one hundred years, and incTude non-
fataT and genetic components.
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 NORMAL OPERATIONS
MINING AND MILLING
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The estimated dose to the average individual in the northern hemisphere
resu
ltin
g fr
om o
ne y
ear'
s o
pera
tion
of a
typi
cal
(100
hect
are)
tail
ings
pile
is about one-third mrem; the population dose in the Great Lakes Basin is then
1/3 mrem (30 x 106 persons) = 10“ person-rem
This is an inhalation lung dose presumed to result in 4 x 10'5 lung cancers
per person-rem (Table 7); there are no genetic effects from inhalation of radon
daughters. Each year's operation, then, is projected to result in
health effects )
pe
rs
on
_r
em
=
0.
4
he
al
th
ef
fe
ct
s
(l
un
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(10l+ person-rem) (4 x 10-5
As of 1970, there were 80 million tonnes of tailings occupying more than 850
hectares. This would give
850 hectares health effects _
ec ares - 3.4 health EffECtS (lung CancerS)
these are population health effects for one year's exposure from all tailings
piles. It is unlikely that newly created tailings piles will be unregulated.
In addition, studies on the stabilizing of older piles are expected to result
in drastically reduced emissions from those sources. If it is postulated that
thesg giles remain untreated for 20 years, then the total result in the basin
wou e
.4 health effects )
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20 years (3
CONVERSION
‘ The average individual within an 80-km radius of typical conversion
facility would receive a lung dose of about 0.03 mrem per year. For a
postulated population of two million living within the 80-km radius, the
health effects would be
(0.03 mrem) (2 x 106 persons) (4 x 10'5 hgégégsggggﬁii) = 0.002 health effects
p (lung cancers)
Conversion facilities do not handle irradiated materials, and the release of
naturally occurring radionuclides is so small as to make the impact on the
Great Lakes Basin negligible.
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FABRICATION
A typical fabrication facility has been estimated to result in a dose of
0.002 mrem per year to the lung of an individual within an 80—km radius of the
facility. The number of health effects expected would be even less than the
number from conversion facilities; therefore, impact on the basin is minimal.
NUCLEAR POWER GENERATION
The United States EPA conducted a detailed study on the impact of normal
power reactor operation on the Great Lakes (14). The study was performed
primarily as background in the development of the radioactivity objective
included in the 1978 Water Quality Agreement.
The source terms used for United States and Canadian reactors are
conservative in that, due to deferred and cancelled plants, the nuclear growth
projected was higher than now appears realistic.
For United States reactors, the most important emissions are radioisotopes
of tritium, cobalt, strontium, and cesium. For Canadian reactors, the largest
contribution is from tritium. The source terms used in the study were based
on actual releases. The total dose to an individual drinking water from the
Great Lakes through the year 2000 is projected to be 0.25 mrem. If the highly
conservative assumption is made that the entire year 2000 population of the
basin receives the maximum dose, then the population dose would be
) (250 x 10'6 rem) = 0.8 X 10g person-rem
year year
(30 x 106 persons
Since most of the dose is from tritium, a total body (body water) irradiator,
the number of health effects per year would be
a -4 health effects =
(0.8 x 10 person-rem) (2.0 x 10 ——BE;§EE:FEﬁ————) 1.6 health effects
and, therefore, impact from the normal operation of nuclear power generators
is small.
Spent fuel removed from a nuclear power reactor contains unfissioned
nuclear fuel and radioactive wastes in the form of fission products. It is
therefore highly radioactive and must be shielded and cooled for a consider-
able period of time. Due to the uncertainty surrounding ultimate disposal of
this fuel, it may become necessary to construct facilities for the inter—
mediate storage of this material. The population doses for a typical
centralized storage operation have been estimated and are given in Table 8,
along with the number of resulting health effects. These doses are for an
assumed population of two million living within an 80-km radius of the storage
facility. The doses are calculated over the period of operation of the
facility, plus 100 years, to provide an assessment of the impact of persistent
long-lived radionuclides. In terms of these health efects, the impact of
spent fuel storage facilities is low.
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and dispersal of a reactor core. Based partially on experience, it is possible
to establish a probability and consequence for some of the more common events.
These are, for the most part, relatively low in consequences insofar as
individual exposures are concerned. For the higher consequence-lower prob-
ability events, the estimates are largely guesswork.
Based on estimates of probability and consequence taken from American
National Standards Institute documents, Nuclear Regulatory Commission (NRC)
accident categories, and reactor manufacturer analyses, it has been estimated
that, over the thirty-year plant life of a typical reactor, the higher prob-
ability abnormal occurrences may yield a total non—occupational dose of about
1,000 mrem at the plant boundary.
Using a suggested empirical relationship (dose « r‘l's) for the dose
variation with distance, r, the population dose to the two million inhabitants
presumed to reside within an 80-kilometre radius is found to be about 10,000
person-rem. Since we assume 50 reactors in the basin,
(50 reactors) (lo’oegacigion'rem) = 5 x 105 person-rem
and the number of associated health effects, conservatively assuming unlikely
whole-body irradiation, would be
2 x 10‘” health effects )
p
e
r
s
o
n
_
r
e
m
=
1
0
0
h
e
a
l
t
h
e
f
f
e
c
t
s
 
(5 x 105 person—rem) (
Estimation of both the probability of occurrence and the consequences of a
severe accident is extremely difficult. The only large—scale investigation in
this area is the Reactor Safety Study (16), which has been subjected to a
great deal of criticism and whose summary and conclusions were withdrawn by
the NRC. The amount of experience with nuclear power plants is not sufficient
to establish reliable bases for either type of accident or degree of conse-
quence.
For want of other sources, however, the values used in the Reactor Safety
Study are used here. The study was specific as to the type of reactor, site,
and population distribution but extrapolation to the basin reactors and popu-
lation are well within the uncertainties of the study. Construction details
of the CANDU heavy waterreactors are different enough from those of United
States reactors that the type of analysis given in the Reactor Safety Study
probably would not be applicable. In the absence of any other definitive
study, however, the 50 reactors, both Canadian and United States, postulated
to exist in the Great Lakes Basin are presumed to be equivalent to the typical
reactor treated in the Reactor Safety Study.
The details of the study's treatment of reactor accidents are available in
the literature (16). The basic features of the study are the identification
of sequences of events leading to accidental releases and the estimation of
the probabilities associated with each event. The product of probability and
release, converted to health effects, is then defined as the risk.
' The values associated with serious reactor accidents in the study are
given in Table 9. Note that, while the consequences are far from negligible
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EARLY ILLNESS.
TABLE 9
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for more severe accidents, each consequence is intended to be multiplied by
its corresponding probability to obtain the estimated risk. Table 9 also
gives the product of the probability and consequence for each column.
If all these values are grouped together as “health effects", multiplied
by 50 reactors assumed for the basin, and the effects arbitrarily presumed to
occur for a IOU-year period, then
health effects
‘3
50 reactors (4.88 x 10 react0r_year
) (100 yrs) : 25 health effects
would be the total number of health effects due to accidents in nuclear power
plants sited in the Great Lakes Basin.
TRANSPORTATION ACCIDENTS
From 1971 to 1975, only 144 transportation accidents involved radioactive
materials, even though in 1975 alone 2 million radioactive packages were
shipped in the United States.
Not all the accidents resulted in releases of contents or excessive radia-
tion levels to people exposed. Depending on the severity of the accidents,
loss of shielding efficiency of the packages or even dispersion of radioactive
materials might occur, resulting in direct radiation exposure to people near
the point of the accident.
Probability and consequence are the two factors considered in evaluating
the impact of accidents involving radioactive shipments. The probability that
an accident releasing radioactive material will occur is calculated using the
expected number of accidents per year for each transport mode, the package
response to these accidents, and the expected dispersal. The consequence of
an accident is expressed in terms of the potential effects of the release of a
specified quantity of dispersible radioactive material to the environment or
the exposure resulting from damaged package shielding. The annual radio-
logical risk for any shipment type, expressed in terms of the expected
radiological consequences per year, is simply the product of the probability
and the consequence. Considering only the most severe accidents involving
transportation of spent fuel by both rail and truck, the estimated population
dose commitment to the whole body is 1615 person-rem per year, based on the
whole United States population of 225 million. For a population of 30 million
in the Great Lakes Basin, the number of health effects per year is then
health effects
30 _
§§§— x 1615 person-rem x (2 x 10 “ person_rem
) = 0.04 health effects
It should be remembered that this is a very rough estimate since it
assumes a uniform distribution of the accident rate throughout the United
States and Canada and also assumes that all exposures are to the whole body.
WASTE
MANAGEMENT
IMPACT
Several types of abnormal events subsequent to closure of the repository
have been evaluated. Basically there are three kinds of accidents or events
that could breach the repository and release any of its contents. These are:
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i
l
l
i
n
g
t
h
r
o
u
g
h
a
w
a
s
t
e
c
a
n
i
s
t
e
r
3.
In
t
h
e
c
a
s
e
o
f
a
r
e
p
o
s
i
t
o
r
y
in
s
a
l
t
,
s
o
l
u
t
i
o
n
m
i
n
i
n
g
f
o
r
t
h
e
s
a
l
t
content.
T
h
e
d
o
s
e
s
r
e
s
u
l
t
i
n
g
f
r
o
m
f
a
u
l
t
i
n
g
,
f
l
o
o
d
i
n
g
,
a
n
d
e
x
t
r
e
m
e
l
e
a
c
h
i
n
g
h
a
v
e
b
e
e
n
e
s
t
i
m
a
t
e
d
b
e
l
o
w.
T
h
e
y
r
e
p
r
e
s
e
n
t
t
h
e
b
a
s
i
c
t
y
p
e
s
of
a
c
c
i
d
e
n
t
w
h
i
c
h
c
o
u
l
d
o
c
c
u
r
an
d,
al
so
,
r
e
t
u
r
n
th
e
h
i
g
h
e
s
t
r
e
s
u
l
t
s
.
T
h
e
s
c
e
n
a
r
i
o
s
l
e
a
d
i
n
g
to
t
h
e
s
e
e
v
e
n
t
s
h
a
ve
no
t
b
e
e
n
r
e
p
r
o
d
u
c
e
d
,
du
e
to
t
h
e
i
r
l
e
n
g
t
h
,
b
ut
ar
e
a
v
a
i
l
a
b
l
e
in
t
h
e
references.
T
h
e
c
o
n
s
e
q
u
e
n
c
e
s
of
a
r
e
p
o
s
i
t
o
r
y
b
r
e
a
c
h
b
y
f
a
u
l
t
i
n
g
an
d
f
l
o
o
d
i
n
g
a
r
e
g
i
v
e
n
in
T
a
b
l
e
10
.
Th
e
c
o
n
s
e
q
ue
n
c
e
s
of
a
h
yp
o
t
h
e
t
i
c
a
l
ca
se
in
wh
i
c
h
th
e
c
o
n
t
e
n
t
s
of
th
e
re
po
si
to
ry
ar
e
le
ac
he
d
in
to
th
e
bi
os
ph
er
e
wi
th
in
a
on
e-
ye
ar
pe
ri
od
ar
e
gi
ve
n
in
Ta
bl
e
11
.
Ta
bl
e
12
gi
ve
s
th
e
do
se
s
fo
r
a
hy
po
th
et
ic
al
ca
se
in
wh
ic
h
th
e
re
po
si
to
ry
is
st
ru
ck
by
a
me
te
or
it
e.
No
te
th
at
th
e
ev
en
ts
de
sc
ri
be
d
ar
e
no
t
in
te
nd
ed
to
re
pr
es
en
t
ac
tu
al
oc
cu
rr
en
ce
s
bu
t
to
de
mo
ns
tr
at
e
th
e
im
pa
ct
of
di
ff
er
en
t,
ex
tr
em
e
re
po
si
to
ry
br
ea
ch
es
.
Fa
ul
ti
ng
an
d
fl
oo
di
ng
an
d
th
e
me
te
or
it
e
st
ri
ke
,
fo
r
ex
am
pl
e,
ar
e
ex
pe
ct
ed
to
re
su
lt
in
re
la
ti
ve
ly
ra
pi
d
re
le
as
e
of
ra
di
on
uc
li
de
s
to
th
e
en
vi
ro
nm
en
t
wh
il
e
le
ac
hi
ng
wo
ul
d
ca
us
e
mo
re
pr
ol
on
ge
d
re
le
as
es
.
Fo
r
th
is
re
as
on
,
th
e
do
se
s
ar
e
ca
lc
ul
at
ed
ov
er
di
ff
er
en
t
ti
me
pe
ri
od
s
an
d
th
e
he
al
th
ef
fe
ct
s
wo
ul
d
be
ex
pr
es
se
d
to
di
ff
er
en
t
po
pu
la
-
ti
on
s
on
a
no
nu
ni
fo
rm
ti
me
sc
al
e.
Es
ti
ma
te
s
of
th
e
re
su
lt
in
g
he
al
th
ef
fe
ct
s
ar
e
gi
ve
n
in
th
e
su
mm
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y.
IMPACT OF EXISTING FACILITIES
Th
er
e
ar
e
mi
ne
s,
mi
ll
s,
co
nv
er
si
on
,
an
d
fa
br
ic
at
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n
fa
ci
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lo
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te
d
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e
Ca
na
di
an
po
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n
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th
e
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ea
t
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s
Ba
si
n
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t
no
ne
in
th
e
U.
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po
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n.
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ci
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e
si
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d
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th
e
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si
n.
Th
er
e
ar
e
22
nu
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ea
r
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 TABLE 10
REPOSITORY BREACH BY FAULTING AND FLOODING
 
FIRST—YEAR TOTAL BODY DOSE
(in rem) TO CRITICAL
70-YEAR TOTAL BODY DOSE
COMMITMENT TO THE REGIONAL
    
INDIVIDUAL
POPULATION
SALT
NONSALT
MEDIA
(in
Person-rem)
Year 2050
Once-Through
Spent Fue1 15 530 1.2 x 108
Reprocessing
U and Pu RecycIe 50 1700 3.6 x 106
U/Pu in high-
1eve1 waste 50 1700 3.9 x 108
U/Pqu Stored 50 1700 3.9 x 108
+ 1,000 Years
Once-Through
Spent FueI 0.0032 0.10 8.7 x 10“
Reprocessing _ s
U & Pu RecycIe 0.0081 0.019 1.7 x 10
U/Pu in high- 5
1eve1 waste 0.014 0.37 2.9 x 10“
U/Pqu Stored 0.0044 _0.073 5.9 x 10
+ 100,000 Years
Once-Through 5
Spent FueI 0.0066 0.17 1.4 x 10
Reprocessing . u
U & Pu RecycIe 0.0021 0.031 2.8 x 10
U/Pu in high— ' 5
1eve1 waste 0.020 0.51 4.2 x 10“
U/Pu02 Stored 0.00066 0.14 - 1.4 x 10
+ 120002000 Years
Once-Through
Spent FueI 0.0033 0.087 7.1 x 10“
Reprocessing “
U & Pu RecycIe 0.00049 0.010 1.0 x 10
U/Pu in high- Q
1eve1 waste 0.0038 0.095 8.2 x 10
U/Puoz Stored 0.00035 0.0064 7.0 x 103
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TABLE 11
YEAR 2050
 
50-YEAR ACCUMULATED TOTAL BODY DOSE (in rem)
TO MAXIMUM INDIVIDUAL
     
 
 
 
YEAR SINCE
BUR
IAL
SAL
T
GRA
NIT
E
SHA
LE
BAS
ALT
1 X
102
34
90
46
4O
1 X
103
75
200
100
200
1 X
10'+
1.5
4.1
2.1
4.1
1.1
X 1
05
1.4
0.3
8
0.1
9
0.3
8
1.4
x 1
06
55
140
70
140
ESTIMATE OF SO-YEAR ACCUMULATED TOTAL
BODY DOSE (in person-rem) TO THE
REGIONAL POPULATION
l x 102 1 x 107 4 x 107 2 x 107 4 x 107
1 x 103 3 x 107 8 x 107 4 x 107 8 x 107
I x 101+ 6 x 105 2 x 106 8 x 105 2 x 106
1.1 x 105 6 x 101+ 2 x 105 8 X 10“ 2 x 105
1.4 X 106 2 X 107 6 X 107 3 X 107 6 X 107
38
 
TABLE 12
R
E
P
O
S
I
T
O
R
Y
BREACH
BY
METEORITE
STRIKE
 
F
I
R
S
T
-
Y
E
A
R
T
O
T
A
L
B
O
D
Y
D
O
S
E
(in rem) TO CRITICAL
70-YEAR
TOTAL
BODY
DOSE
COMMITMENT (in person-rem)
  
INDIVIDUAL
TO
THE
REGIONAL
POPULATION
SALT
GRANITE
SALT
GRANITE
Year 2050
Once-Through
Spent
FueT
8.1
x
103
22.
x
103
6.9
x
107
1.8
x
108
Reprocessing _
U
and
Pu
RecycIe
11.
X
103
9.2
x
103
6.0
x
107
5.1
x
107
U/Pu in high—
ieveT
waste
6.5
x
103
11
x
103
7.0
x
107
1.2
x
108
U/Pqu
Stored
13
X
103
13
x
103
3.0
X
107
3.0
X
107
+ 1,000 Years
Once-Through
Spent
FueT
6.0
16.
1.6
x
107
4.2
x 107
Reprocessing
U &
Pu
Recycle
6.0
5.1
6.0
x
106
5.1
x
106
U/Pu in high-
ievei
waste
4.8
8.0
1.3
x
107
2.1
x
107
U/Pu02
Stored
2.5
2.5
2.3
X
106
2.3
X
106
+ 1002000 Years
Once-Through
Spent
FueT
4.4
12.
2.8
x
105
7.3
x
105
Reprocessing
U &
Pu
RecycTe
1.1
0.92
7.6
x
10“
6.5
x
10“
U/Pu
in
high-
5
Ieve]
waste
3.2
5.2
2.3
x 105
3.8
x
10
U/Pu02
Stored
0.98
0.98
5.1
x
10“
5.1
x
10“
+
1
2
0
0
0
2
0
0
0
Y
e
a
r
s
Once-Through
I
5
Spent
Fuei
2.4
6.0
9.4
x
10“
2.5
x
10
Reprocessing
“
U &
Pu
RecycTe
0.75
0.64
8.1
x 10“
7.0
X
10
U/Pu
in
high-
‘
s
TeveT
waste
0.95
1.6
8.5
x
10“
1.4
x
10“
U/Pu02 Stored
0.83
0.83
8.4 X 10“
8.4 X 10
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 re
ac
to
rs
(F
ig
ur
e
1)
,
an
d
th
e
fo
rm
er
r
e
p
r
o
c
e
s
s
i
n
g
f
a
c
i
l
i
t
y
an
d
wa
s
t
e
di
sp
os
al
si
te
is
l
o
c
a
t
e
d
at
W
e
s
t
V
a
l
l
e
y,
Ne
w
Yo
rk
.
E
x
i
s
t
i
n
g
f
a
c
i
l
i
t
i
e
s
in
b
o
t
h
co
un
tr
ie
s
ar
e
di
sc
us
se
d
be
lo
w,
in
cl
ud
in
g
a
br
ie
f
su
mm
ar
y
of
th
ei
r
e
n
vi
r
o
n
—
me
nt
al
im
pa
ct
.
Th
is
im
pa
ct
is
pr
es
en
te
d
in
te
rm
s
of
co
nc
en
tr
at
io
ns
,
wh
ic
h
ma
y
be
co
mp
ar
ed
to
ju
ri
sd
ic
ti
on
al
cr
it
er
ia
an
d
th
e
Ag
re
em
en
t
ob
je
ct
iv
e.
MINING AND MILLING
Th
er
e
ar
e
pr
es
en
tl
y
on
ly
fo
ur
mi
ni
ng
an
d
mi
ll
in
g
op
er
at
io
ns
in
On
ta
ri
o:
De
ni
so
n
Mi
ne
s
Li
mi
te
d
an
d
Ri
o
Al
go
m
Li
mi
te
d,
bo
th
in
th
e
El
li
ot
La
ke
ar
ea
;
Ag
ne
w
La
ke
Mi
ne
in
Es
pa
no
la
;
an
d
Ma
da
wa
sk
a
Mi
ne
s
Li
mi
te
d,
wh
ic
h
be
ga
n
pr
od
uc
ti
on
ne
ar
Ba
nc
ro
ft
in
la
te
19
76
.
Ta
bl
e
13
li
st
s
th
es
e
op
er
at
io
ns
an
d
their licensed capacities.
THE ELLIOT LAKE AREA
 
Cu
rr
en
tl
y
tw
o
ma
jo
r
mi
ne
s
ar
e
ac
ti
ve
in
th
e
El
li
ot
La
ke
ar
ea
co
mp
ar
ed
to
a
do
ze
n
th
at
op
er
at
ed
in
th
e
19
60
's
.
Fr
om
th
e
st
an
dp
oi
nt
of
en
vi
ro
nm
en
ta
l
im
pa
ct
,
ho
we
ve
r,
al
l
ur
an
iu
m
mi
ne
s
in
th
e
Se
rp
en
t
Ri
ve
r
Ba
si
n,
bo
th
ac
ti
ve
an
d
ab
an
do
ne
d,
co
nt
ri
bu
te
to
th
e
pr
ob
le
m
of
ac
id
mi
ne
dr
ai
na
ge
.
At
th
e
ac
ti
ve
mi
ne
an
d
mi
ll
lo
ca
ti
on
s,
wa
st
e
di
sc
ha
rg
es
ar
e
co
mp
ri
se
d
of
mi
ll
pr
oc
es
s
wa
st
es
an
d
mi
ne
wa
te
rs
,
na
tu
ra
l
ru
no
ff
an
d
se
ep
ag
e
fr
om
ta
il
in
gs
si
te
s,
wh
il
e
po
ll
ut
ed
di
sc
ha
rg
es
fr
om
ab
an
do
ne
d
op
er
at
io
ns
in
cl
ud
e
ru
no
ff
and
se
ep
ag
e
fr
om
th
e
ta
il
in
gs
are
as.
Th
e
aci
d
mi
ne
wa
st
e
fl
ow
can
di
ss
ol
ve
ra
di
oa
ct
iv
e
mat
eri
als
and
car
ry
the
m
to
dow
nst
rea
m
wat
ers
.
The
was
te
loa
din
gs
fro
m
eac
h
of
the
tai
lin
gs
are
as
var
y w
ide
ly
wit
h
the
sea
son
s
and
gen
era
lly
the
hig
her
loadings occur during periods of high streamflow.
The
was
tes
fro
m t
he
ura
niu
m m
ini
ng
and
mil
lin
g
ind
ust
ry
in
the
Ell
iot
Lak
e
are
a
hav
e
cau
sed
som
e
imp
air
men
t
of
the
wat
er
qua
lit
y
in
the
Ser
pen
t
Riv
er
Bas
in.
In
197
8,
the
rad
iol
ogi
cal
loa
din
g o
f d
iss
olv
ed
226
Ra
fro
m t
he
thr
ee
ope
rat
ing
min
es
in
the
are
a t
o t
he
Ser
pen
t R
ive
r w
as
72
mCi
(34
).
Ser
pen
t H
arb
our
rec
eiv
es
sig
nif
ica
nt
qua
nti
tie
s o
f 2
26R
a f
rom
the
Ser
pen
t R
ive
r a
nd
fro
m P
ron
to
Dit
ch;
the
Ser
pen
t R
ive
r a
cco
unt
s f
or
abo
ut
98%
of t
he t
otal
annu
al 2
26Ra
load
to t
he h
arbo
ur
(23)
. T
he
larg
est
prop
orti
on
of t
he a
nnua
l 2
26Ra
load
($50
%)
in S
erpe
nt R
iver
occu
rs
annu
ally
in t
he m
onth
s
of A
pril
, M
ay,
and
June
, pe
riod
s of
snow
melt
and
high
est
rive
r di
scha
rge.
The
quan
tity
of r
adiu
m fl
ushe
d fr
om t
aili
ngs
pond
s at
oper
atin
g an
d no
n-op
erat
ing
sites is approximately proportional to the magnitude of flow and storm
events. Significant decreases in 226Ra levels and loadings from Serpent
River have occurred from 1966 to 1974. Waste management strategies employed
at both active and inactive mine, mill, and tailings areas are partially
responsible for these trends. In 1978, the loading of 226Ra to Serpent
Harbour from the Serpent River was 1430 mCi, of which only 72 mCi was from the
three active mines. The balance of the loading is probably due to naturally
occurring inputs from the bedrock and also the result of leaching from the
tailings piles at abandoned mines. It may also reflect the long retention
time of the river system. Levels of 226Ra at the mouth of the Serpent River
generally average above 3 pCi/L, the Ontario permissible criterion for public
surface water supply.
Considerable quantities of the thorium isotopes also enter the waters of
the Serpent River BaSin, but the fate of these isotopes is not known. At the
present time, waste treatment is limited to reduction of radium found in mine
waste discharges.
4O
TABLE 13
 
STATUS OF URANIUM MINE AND MILL FACILITIES
IN THE GREAT LAKES BASIN
FACILITY NAME, LOCATION,
AND LICENSEE
LICENSED CAPACITY
 
Agnew Lake Mine
Espanoia, Ontario
(Agnew Lake Mines Ltd.)
Denison Mines
EIIiot Lake, Ontario
(Denison Mines Ltd.)
Madawaska Mine
Bancroft, Ontario
(Madawaska Mines Ltd.)
Quirke Mine
EIIiot Lake, Ontario
(Rio AIgom Ltd.)
Panel Mine
EIiiot Lake, Ontario
(Rio Algom Ltd.)
 
1,700 kg/day uranium concentrate
uranium ore - 6,450 tonnes/day
miiT feed
2,400 kg/day uranium concentrate
6,350 tonnes/day miIi feed
Authorization given to proceed
with the underground explora-
tion and with miii rehabiiita-
tion work.
TABLE 14
FUEL FABRICATION AND CONVERSION
FACILITIES IN THE GREAT LAKES BASIN
LICENSEE
OPERATION
LICENSED CAPACITY
 
Canadian Genera] EIectric
Co. Ltd.,
Toronto, Ontario
Canadian Genera] Electric
Co. Ltd.,
Peterborough, Ontario
Westinghouse Canada
Limited
Port Hope, Ontario
Westinghouse Canada
Limited
Hamiiton, Ontario
Eldorado Nuciear
Limited
(Port Hope Refinery)
 
FueI peIIet
manufacture
FueT bundie
manufacture
Fuel peIIet
and bundie
manufacture
Research and
deveiopment
Uranium refinery
and chemicai
conversion
500 tons/year U
500 tons/year U
500 tons/year U
5,000 tonnes/year UFG
2,000 tonnes/year U02
 
a. SmaII quantities as required.
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THE BANCROFT AREA
Ma
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Mi
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re
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of
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e
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76
.
Th
e
pr
op
er
ty
,
lo
ca
te
d
8
km
we
st
of
th
e
to
wn
of
Ba
nc
ro
ft
,
On
ta
ri
o,
ce
as
ed
pr
od
uc
ti
on
in
l9
64
,
bu
t
wa
s r
ea
ct
iv
at
ed
.
Li
qu
id
ef
fl
ue
nt
s
fr
om
Ma
da
wa
sk
a
Mi
ne
s
ar
e
al
lo
we
d
to
st
an
d
in
co
nc
re
te
se
tt
li
ng
po
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s
be
fo
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di
sc
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in
to
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nd
pi
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Th
e
co
nc
en
tr
at
io
n
of
di
ss
ol
ve
d
22
6R
a
go
in
g
to
th
e
sa
nd
pi
t
va
ri
es
fr
om
10
-1
5
pC
i/
L.
In
19
78
,
10
mC
i
of
di
ss
ol
ve
d
22
6R
a
en
te
re
d
Be
nt
le
y
Cr
ee
k
fr
om
th
e
sa
nd
pi
t
(3
4)
.
Th
e
cr
ee
k
fl
ow
s
to
Bo
w
La
ke
,
wh
er
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ma
de
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19
76
sh
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ed
an
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ag
e
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ol
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d
22
6R
a
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l
of
7
pC
i/
L
an
d,
in
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77
,
4
pC
i/
L.
Bo
w
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is
a
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rt
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e
Tr
en
t
Ri
ve
r
sy
st
em
,
wh
ic
h
di
sc
ha
rg
es
in
to
La
ke
On
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ri
o.
In
vi
ew
of
th
e
ge
og
ra
ph
ic
al
re
mo
te
ne
ss
of
Br
an
cr
of
t
fr
om
La
ke
On
ta
ri
o,
it
is
re
as
on
ab
le
to
co
nc
lu
de
th
at
th
er
e
ar
e
no
id
en
ti
fi
ab
le
ra
di
oa
ct
iv
e
lo
ad
in
gs
fr
om
th
e
Ba
nc
ro
ft
area to Lake Ontario.
THE ESPANOLA AREA
Mi
ne
de
ve
lo
pm
en
t
in
th
e
Es
pa
no
la
ar
ea
st
ar
te
d
in
th
e
la
te
19
60
's
bu
t
wa
s
di
sc
on
ti
nu
ed
af
te
r
a
sh
or
t
pe
ri
od
du
e
to
th
e
dr
op
in
de
ma
nd
fo
r
ur
an
iu
m.
Si
nc
e
19
76
,
ho
we
ve
r,
mi
ni
ng
at
th
e
Ag
ne
w
La
ke
Mi
ne
ha
s
be
en
ca
rr
ie
d
ou
t
by
th
e
bac
ter
ial
lea
chi
ng
met
hod
, w
hic
h p
rod
uce
s n
o s
urf
ace
tai
lin
gs.
The
rad
ium
act
ivi
tie
s i
n J
ohn
Cre
ek
and
in
Agn
ew
Lake
, i
nto
whi
ch
the
cree
k ru
ns,
are
cont
inua
lly
at b
ackg
roun
d l
evel
s (a
bout
1 pC
i/L)
.
The
radi
um
acti
Vity
in M
inis
tic
Cree
k is
also
usua
lly
at a
bout
1 pC
i/L
but
has
reac
hed
3
pCi7
L du
e to
spri
ng r
unof
f ov
erfl
owin
g th
e pr
ecip
itat
e po
nd.
Agne
w La
ke a
nd
Ministic Creek both discharge to the Spanish River, where the radium
concentration is at background levels.
CONVERSION
Eldorado Nuclear Limited operates a uranium hexafluoride refinery in Port
Hope, Ontario. This plant is designed to process 5000 tonnes of uranium per
year from mine concentrates to UFG, which is Eldorado's principal product
(Table 14). Prior to 1962 raw ores were also processed at the Port Hope
Refinery.
The process and cooling waters are taken from and returned back to Port
Hope harbour. Cooling water and other process streams from the refinery enter
an on-Site lagoon system and are treated, if necessary, before being returned
gaathi harbour. The discharge has a negligible effect on the receiving water
i y.
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To keep up with the expanding Canadian uranium mine production, Eldorado
is proposing to build a second refinery with the capacity to produce 9000
tonnes of uranium from mine concentrates to UFG. The new refinery would
triple Eldorado's current UFs capacity and is proposed to be located in
one of the three proposed sites of Hope Township, Sudbury, or Blind River, all
of which are in the Great Lakes Basin.
Eldorado Nuclear Ltd. operates a waste management facility at Port
Granby. The site is located adjacent to Lake Ontario about 13 kilometres west
of the Town of Port Hope. In 1978, the dissolved 226Ra loading from this
facility was 0.12 mCi. The concentration of 226Ra in the adjacent area of
Lake Ontario is less than 1 pCi/L; as a result, no detectable deterioration in
water quality has been found.
Welcome disposal site, located near the Town of Port Hope, was used for
the disposal of refinery residues from the late 1940's until the late 1950's.
In 1978, the dissolved 226Ra loading from the Welcome site was 1.4 mCi
(34). In 1978, the concentration of 226Ra in Lake Ontario waters in the
vicinity of the outfall was generally less than 1 pCi/L. No deterioration in
the quality of Lake Ontario as a result of the discharge from the Welcome
disposal area has been detected.
FABRICATION
The two fuel fabrication facilities in the Great Lakes Basin and their
capacities are listed in Table 14. The Canadian General Electric Company
Limited (CGE) currently produces nuclear fuel for CANDU reactors with the work
being carried out at two sites. The Peterborough operation of CGE does not
have any emission points to the environment. Westinghouse Canada Limited
operates a fuel pellet and bundle manufacturing unit at Port Hope, Ontario.
Trace quantities of uranium are released to the air and water from CGE's
Lansdowne plant in Toronto and from Westinghouse's Port Hope operations, but
quantities are below minimum detectable levels.
POWER GENERATION
A list of nuclear generating stations and their gaseous and aqueous
releases are given in Chapter 4 in Tables 19 and 20, respectively. Plant
operators are required to monitor and control the radioactivity in effluents
and to measure doses at the site boundary. Beyond the site boundary federal,
state, and provincial health and environmental agencies conduct monitoring
programs as final checks that the releases are within the limits.
The radioactivity in gaseous and liquid effluents from normal operation
averages less than a few percent of the limits stipulated in the operating
licenses. In Canada, with the cooperation of the licensees, the Atomic Energy
Control Board has established a design and operating target for new nuclear
power plants which is 1% of the license limit. In the U.S., the Nuclear
Regu
lato
ry C
ommi
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n es
tabl
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s op
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ower
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.
The
magn
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that doses from radiation should be kept as low as is reasonably achievable,
social and economic factors taken into consideration.
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Another storage practice being tested is the concrete canister. This is a
dry method of storage, consisting of three inner containment cans inside an
outer can, all within the cylindrical concrete vessel. The present design is
gor fuel that has been stored and cooled for five years in the station water
ays.
Use of the abovementioned storage facilities allows time for a decision to
be made on whether or not to reprocess the fuel. Whatever the decision, the
fuel waste will have to be disposed of, i.e. contained without the provision
or intention of retrieval. Disposal will be conducted with the aim that the
integrity of the waste will be maintained without continued human intervention
whether in the form of treatment, monitoring, or restriction of access.
UNITED STATES
In October 1977, a U.S. Presidential policy on interim management of spent
fuel was announced. Under this policy, the United States federal government
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TABLE IS
RADIOACTIVE WASTE MANAGEMENT FACILITIES
IN THE GREAT LAKES BASINa
 
LOCATION AND LICENSEE
PURPOSE
 
,7
Bruce NucIear Power DeveIopment
Tiverton, Ontario - Site 1
(Ontario Hydro)
Bruce NucIear Power DeveIopment
Tiverton, Ontario - Site 2
(Ontario Hydro)
Waste Management Area,
Port Granby, Ontario
(EIdorado NucIear Ltd.)
Waste Management Area, WeIcome,
Ontario
(EIdorado NucIear Ltd.)
Agnew Lake Mine, EspanoIa,
Ontario
(Agnew Lake Mines Ltd.)
Denison Mines, EIIiot Lake,
Ontario
(Denison Mines Ltd.)
Madawaska Mine, Bancroft,
Ontario
(Madawaska Mines Ltd.)
Quirke Mine and PaneI Mine,
EIIiot Lake,_Ontario
(Rio AIgom Ltd.)
NucIear FueI Services, Inc.
West VaIIey, New York
Lake Ontario Ordnance Works,
Lewiston, New York
 
Wastes from Bruce, DougIas Point, and
other Ontario Hydro nucIear generating
stations
Waste vqume reduction faciIity with
waste compactor, radioactive and cIean
waste incinerators. AIso trenches and
tiIe hoIes for medium and Tow-IeveI
waste from nucIear generating sta-
tions.
Wastes from EIdorado refinery at Port
Hope, Ontario
Wastes from ETdorado refinery at
Port Hope, Ontario
Process waters
Mine and miII taiIings (stanrock and
canmet)
Mine and miII taiIings (bicroft)
Mine and miII taiIings
Waste from U.S. atomic energy program
an
d
so
me
fr
om
co
mm
er
ci
ai
pr
oc
eS
Si
ng
.
Refinery and conversion waste from _
op
er
at
io
ns
co
nd
uc
te
d
at
si
te
s
ou
t5
1d
e
of the Great Lakes Basin.
J¥
a.
In
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di
ti
on
to
th
os
e
Ii
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ed
,
th
er
e
are
a
nu
mb
er
of
ab
an
do
ne
d
ta
iI
in
gs
ar
ea
s
in the EIIiot Lake and the Bancroft regions.
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7
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a
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a
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Cr
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5
a
a
l“
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3.
0
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3
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Cs,
1.8
10
11
.7
1“
Ru
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7
<1
13
70
5
5.
6
49
54
.8
952v 9.1 <1 <1
95Nb 16.0 <1 a
65Zn 5.0 20 25.1
60Co 14.8 3 <1
1“
La
15
.2
a
a
Othersb 4.7 1 2.4
100 100 100
 
 
 
Not detectabIe
153 141 113
Gd
,
Ce
,
Sn
,
12
58
b,
5“
Mn
,
59
Fe
,
1“
°B
a
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Storage
of
spent
fuel
using
a
water
basin
(Figure
3)
at
either
the
reactor
site or the centralized away-from-reactor storage will have similar operations
in regard to effluent control.
The only difference would be the quantity of
spent fuel stored at either type of site.
While
a
small
amount
of
commercial
U.S.
spent
fuel
has
been
shipped
to
private storage facilities, the vast majority is still retained at the
generating stations.
Generic radioactive releases, both normal
and acci-
dental, from these storage pools were discussed earlier in this chapter.
NUCLEAR FUEL SERVICES
 
Several
existing U.S. facilities contain varying
amountsand types of
radioactive waste.
The best known of these is Nuclear Fuel Services, Inc.
(NFS), which operated the only commercial reprocessing facility in the U.S.
The facility, located in West Valley, New York, about 65 km upstream of Lake
Erie,
reprocessed 624.5 tonnes of uranium from 1966 to 1972.
NFS ceased
reprocessing activities in 1972 in order to modify and expand the facility
but, in 1976, chose not to pursue expansion due to the new more stringent NRC
seismic requirements for reprocessing facilities.
As a result of reprocessing activities, the site contains high-level
liquid—waste tanks, a high-level solid waste disposal area, and a spent fuel
storage pool, as well as the reprocessing plant.
In 1962, New York State,
under agreement with NRC, licensed NFS to accept low-level radioactive waste.
Low-level waste burial activities ceased in 1975 when water was found seeping
from some of the northern low—level waste trenches. Table 18 shows the type
and the amount of radioactive wastes at the NFS site.
The NRC is in the process of evaluating NFS's plans for decommissioning
the site.
In 1979, the NRC may initiate studies to assess the NRC-licensed
high-level solid waste burial area.
Along with EPA, the NRC is funding the
New York Geological Survey to evaluate the surface water pathway and erosion
problem at the low-level burial area; results of this work will be incor-
porated into the EPA-funded modelling project.
In February 1978, the U.S. Congress authorized the Department of Energy
(DOE) to consider future disposition of the NFS site. Among the options being
considered by DOE are federal aid in support of decommissioning the high-level
waste disposal operation, federal operation during decommissioning, permanent
federal ownership and responsibility for the site, and other uses (radiolo-
gical and nonradiological) for the site. A report entitled "Western New York
Nuclear Service Center (WNYNSC) Study" on the costs and radiological impact of
these options was issued in November 1978.
Low-Level Site Impact
The options identified by the WNYNSC Study for decommissioning the low-
level waste burial area range from permanent closing of the site with
provisions for monitoring and burial area maintenance to complete exhumation
of the wastes with reclamation of the burial area. The low-level waste burial
area is presently.maintained in a shut down status with annual or semiannual
Pumpouts of the trenches to prevent seepage. The liquid is collected in
lagoons, treated, and released into Cattaraugus Creek. While the site can be
maintained in this manner, such a planned discharge program is not to be
47
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regarded as a permanent solution,
however.
From 1973 to 1977, some of the
discharges were 4,311
Ci of 3H, 0.119 Ci of 9°Sr,
0.130 Ci of
137Cs,
and 1.84
Ci
of
1
6Ru.
As
a
result
of
their
controlled
release,
the
average
concen-
tration of 3H in 1978, measured at Springville Dam on Cattaraugus Creek,
about 30 km downstream of NFS, was 2770 pCi/L, and the average concentration
of 9°Sr was 1 pCi/L (35).
During the summer
1978, the caps on the northern
trenches were
increased to 2.4 metres by NFS,
in order to reduce water
infiltration.
High-Level Site Impact
 
Evidence
of
former
reprocessing
activities
at West
Valley
has
been
found
in sediment samples from Cattaraugus Creek.
Fish samples from the creek
showed highest concentrations of radionuclides in samples collected nearest
the plant.
In December
1978, the NRC was informed that a defect in a metal
annulus
pan between the high-level liquid waste tanks and the concrete vault was found
during a test.
Apparently the pan was unable to hold water placed in it.
The
waste tanks have maintained their integrity.
The NRC is investigating the pan
defect.
The WNYNSC study evaluated the range of decommissioning options possible
for the high—level liquid waste tanks, the NRC—licensed burial area, the
reprocessing facility, and the spent fuel storage pool. The options ranged
from extended care and/or on-site stabilization to complete dismantlement
and/or exhumation.
OTHER FACILITIES
Lake Ontario Ordnance Works is located in Lewiston, New York about 8 km
east of the Niagara River and 8 km south of Lake Ontario. It is owned by the
U.S. Department of Energy (DOE) and was used by the U.S. Atomic Energy Commis-
sion, predecessor agency of DOE, for storage of uranium mill tailings. DOE
and African Metals, Inc. own radioactive residual materials stored at the
site. These materials are potential sources of additional minerals. As such,
both owners are reluctant to dispose of them. However, because of the nature
of these materials, ground and surface water monitoring programs have been
maintained by DOE. In addition, EPA has encouraged the initiation of an air
monitoring program for radon measurements. Radon concentrations ranged from
0.1 to 20 pCi/L.
Niagara Mohawk intends to build an incineration system to reduce radio-
active waste volume at the Nine Mile Point nuclear station. The NRC has made
no decision on approving the incineration system. Any emissions from this
incineration system must meet EPA's Uranium Fuel Cycle Standards (40 CFR 190;
see Table 5).
SUMMARY
In order to reply to the request from the International Joint Commission
concerning the possible impact of the Canadian and the U.S. nuclear fuel
cycles on the Great Lakes Basin, the Radioactivity Subcommittee prepared an
overview comprising fuel cycle activities, with emphasis on waste management;
impact from typical facilities for both normal and abnormal operation; and
impact of existing facilities.
\
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The
wors
t r
eact
or a
ccid
ent
in Table 9, for example, might cause
(1,500 f§£§§ggéﬂggnﬁ) (30 years) = 45,000 fatal cancers
without considering other health effects or additional health effects from
residual contamination due to a large release. The frequency of such events,
however, is assumed to be so low that the total risk is small. There is not,
however, sufficient operating experience to verify either the types of
accidents postulated or the probability of occurrence. The same situation
arises when waste management is considered.
Although the doses given in Tables 10-12 do not readily lend themselves to
the calculation of health effects, an upper bound may be estimated by using
the largest total-body doses in the tables. If the 70-year dose commitment to
a typical (two million persons within an 80-km radius) regional population
from a repository breach is taken to be 5 x 108 person—rem, then
2 x 10"+ health effects)
person-rem
 
(5 x 108 person rem) ( = 100,000 health effects
This scenario envisions a large, one-time release of the contents of a
repository. The consequences would diminish, according to the tables, if the
accident were to occur at later periods.
An alternate scenario would be the
leaching out of the entire repository contents over a one—year period.
Should
this occur 100 years after burial, for example, Table 11 indicates that, for
salt,
there
would
be
_
'
) (2 x 10"+ health effects
(1 x 107 person-rem
person-rem
) = 2,000 health effects
Additional
calculations
show
that
smaller
releases
would,
of
course,
yield
a
smaller
number
of
health
effects,
but
that
these
would
extend
over
increased
periods of time.
In general, the net impact would be similar but diminish with
increaSingly
large
periods
of
time
after
closure
of
the
repository.
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All
of
the
above
scenarios
are
based
on
postulates
which
can
be
neither
proven nor disproven.
Alteration of the many assumptions built
into the
background
calculations
could
substantially
affect
the
estimated
impact.
The
foregoing
analysis
of
the
impact
is
based
on
calculations
from
a
number of sources and is intended to be representative rather than accurate.
Furthermore, the classes of accident used herein fer illustrative purposes
have been extreme ones whose probability, without precise specification, must
be ow.
The
Subcommittee,
therefore,
believes
that
it
is
impossible,
at
present,
to accurately quantify the impact of nuclear fuel cycle activities on the
Great Lakes Basin.
From a waste disposal standpoint, the problem is basically
one of isolating potentially hazardous materials from the biosphere.
The
results cited previously indicate that the consequences from certain types of
event, while not negligible, are not so catastrophic as sometimes is envi-
sioned.
It is, however, possible to conceive scenarios which would lead to
unacceptable effects. Certainly, a severe reactor accident or high-level
waste respository breach in the basin would significantly impact on the Great
Lakes.
We do not believe, however, that the probability of such occurrences
can be established at this time. It is quite possible that the most signif-
icant impact on the lakes area will be from "abnormal" occurrences or less
severe accidents which release smaller amounts of radioactive material but
which may occur more frequently. This opinion is based on the fact that
"normal" operation of fuel cycle activities will be rigidly controlled and
that every effort will be made to prevent catastrophic events. Present impact
on the basin is largely due to past activities, i.e. mining and reprocessing,
which would not be permitted to operate in similar fashion under current
regulations. The impact of these activities, while of concern, has not been
major.
The rapid growth formerly envisioned for commercial nuclear power has not
come to pass.
Projections of the number of reactors in the Great Lakes Basin
by the year 2000 have been lowered in recent years;
present estimates would
indicate that about fifty are still planned. This much less rapid growth will
permit closer scrutiny of the actual operation of commercial reactors and
reduce the number of waste disposal sites necessary. It should be noted, in
summary that decisions on the acceptability of nuclear power should not be
made in vacuuo, but should carefully consider the impact of available alter-
native energy sources.
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RELEASES FROM NUCLEAR GENERATING STATIONS
As a condition of its
Ticense,
a nucTear generating station must report
annuaT reTeases of radionucTides to the responsibTe federaT reguTatory
agency.
Gaseous and aqueous reTeases for 1978 are tabuIated in TabTes 19 and
20, respectiveTy.
RELEASES FROM NUCLEAR FUEL REPROCESSING PLANTS
ATthough
the NucTear FueT
Services,
Inc. fueT reprocessing pTant at West
VaTTey, New York, has not processed irradiated fueT since 1972, radionucIides
are continuousTy discharged to Cattaraugus Creek, which drains to Lake Erie.
The quantities of radionucTides discharged during 1978 from NFS were 1.67 mCi
of gross a, 193 mCi of gross B, 774.1 Ci of 3H, and 11.9 mCi of 9°Sr.
RELEASES FROM URANIUM MINING. MILLING. AND REFINING
The sources of radioactivity to the Serpent River are naturaT inputs from
the bedrock and surface-water Teaching of radium and thorium from uranium mine
taiTings at both active and abandoned sites in the ETTiot Lake area (see
Chapter 3). Much of the radioactivity at active mines is precipitated in
settTing ponds, but the remainder reaches the Serpent River and uTtimateTy the
North ChanneT by direct fTow over, and seepage through, the taiTings pond dams.
In 1978, dissoTved 226Ra discharges to the Serpent River from the
taiTings ponds at the three active mines in the river basin totaTTed 72 mCi
(TabTe 21). The Toading of 226Ra for 1978 from the Serpent River to Serpent
Harbour on the North ChanneT was 1430 mCi; this vaTue was caTcuTated from the
weighted average annuaT concentration of 226Ra measured near the river mouth
and the average annuaT fTow for 1978 (TabTe 25).
TabTe 21 aIso gives the dissoTved 226Ra discharge from the Madawaska
Mine, Tocated in the Lake Ontario Basin, as weTT as the quantity of 225Ra
discharged to Lake Ontario from ETdorado NucTear Ltd.'s Port Hope faciIity and
from their waste management sites at Port Granby and at WeTcome. The two
Creeks which drain the Port Granby site are dammed, and a treatment faciTity
removes 226Ra before discharging runoff to the Take. A waste treatment
faciTity became operationaI at the WeTcome site in December 1978, so
discharges for 1979 and future years shoqu be considerabTy reduced from the
vaIue reported for 1978.
UNPLANNED RELEASES OF RADIONUCLIDES
The InternationaT Joint Commission asked the Water Quality Board to estab—
Tish a procedure to receive and assess information on uinanned reTeases of
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TABLE 19
GA
SE
DU
S
DI
SC
HA
RG
ES
FR
OM
NU
CL
EA
R
GE
NE
RA
TI
NG
ST
AT
IO
NS
-
19
78
a
 
ANNUAL RELEASE IN CURIES
  
ST
AT
IO
N
PA
RT
IC
UL
AT
ES
13
1I
NO
BL
E
GA
SE
S
3H
Bi
g
Ro
ck
Po
in
t
0.
00
6
0.
00
3
18
,9
00
8.
32
Br
uc
e
A
0.
00
37
0.
00
29
42
,0
00
13
,0
00
Coo
k
1
and
2b
0.
10
0.
01
2
48
,5
00
20
Dav
is-
Bes
se
1
0
0.0
002
<60
0
34
Dou
gTa
s
Poi
nt
0.0
002
4
0.0
009
2
9,8
00
16,
000
Fit
zpa
tri
ck
0.0
6
0.2
2
5,8
80
7.5
4
Gin
na
0.0
001
5
0.0
27
971
44
Kew
aun
ee
0.0
016
0.0
04
443
12
Nin
e M
iTe
Poi
nt
1
0.0
3
0.1
1
3,0
20
85
Pali
sade
s
0.00
6
0.02
323
5.5
Pickering 0.0028 0.0015 4,100 26,000
Point Beach 1 & 2 0.01 0.018 518 169
Zion 1 & 2 0.043 0.08 49,900 0
   
a. Information from References (33) and (34).
b. Went on Tine March 10, 1978.
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TABLE 20
AQUEOUS
DISCHARGES
FROM
NUCLEAR
GENERATING
STATIONS
‘
1978a
  
ANNUAL RELEASE IN CURIES
STATION FISSION AND 3H
ACTIVATION PRODUCTS
Big Rock Point 0.27 4.04
Bruce A 4.7 4,150
Cook 1 and 2b 1.48 626
Davis—Besse 1 0.09 215
Dougias Point 0.20 1,170
Fitzpatrick 0.06 0.16
Ginna 0.06 242
Kewaunee 0.70 296
Nine MiIe Point 1 0 0
Paiisades 0.10 101
Pickering 0.65 32,100
Point Beach 1 & 2 0.77 1,286
Zion 1 & 2 0.95 726
   
a. Information from References (33) and (34).
b. Went on Iine March 10, 1978.
TABLE 21
DISCHARGES FROM OTHER
NUCLEAR FACILITIES. 1978a
DISCHARGE IN 1978
DISSOLVED
LAKE BASIN SOURCE 22‘Ra, c1 U, kg
Huron-North ChanneI Rio AIgom - Quirke Minec 0.058 -
- PaneI Minecae 0.0000135 -
Denison MinesC 0.014 -
Serpent River, to Serpent 1.43b -
Harbour
Ontario Eidorado NucIear Ltd.d - 948
Port Granby Waste Management 0.00012b 5.57
Area
NeIcome Waste Management 0.0014b 87.5
Area
Madawaska Mine - Bancroftc 0.010 -
     
Information from References (34) and (44).
TotaI radium.
Measured at faciIities' finaI point of controI.
Atmospheric reTease of uranium was 250 kg in 1978.
Operated for the Iast 6 months of 1978.
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ef
fl
ue
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ex
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rt
20
re
po
rt
in
g
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en
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ot
he
r
ef
fl
ue
nt
re
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rt
in
g
re
qu
ir
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en
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nt
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ne
d
in
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ce
ns
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a
pe
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e
li
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an
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pr
es
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ri
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ng
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rr
en
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.
The
se
rep
ort
ing
req
uir
eme
nts
wil
l
in
due
tim
e
ref
lec
t
the
ura
niu
m
fue
l
cyc
le
sta
nda
rds
tha
t
EPA
has
est
abl
ish
ed.
By
ext
ens
ion
,
EPA
has
agr
eed
tha
t
its
reg
ion
al
rep
res
ent
ati
ve
wil
l
inf
orm
the
Sec
ret
ary
of
the
Rad
ioa
cti
vit
y
Sub
-
com
mit
tee
of
the
Wat
er
Qua
lit
y B
oar
d o
f a
ny
such
eve
nts
.
In
Can
ada
, t
he
rep
res
ent
ati
ve
of
the
AEC
B o
n t
he
Rad
ioa
cti
vit
y S
ubc
om-
mit
tee
will
pro
vid
e s
imi
lar
inf
orm
ati
on
to
the
Sec
ret
ary
abo
ut:
1.
Nuc
lea
r p
owe
r p
lan
ts
exc
eed
ing
the
ir
ope
rat
ing
tar
get
of
1%
of
the
derived release limit, calculated on a weekly or a monthly basis;
N
o
Other AECB licensees exceeding any operating targets contained in
their license conditions; or
3. Any occurrence of a lesser release (either atmospheric or aqueous) to
the Great Lakes or its tributaries which has a perceived public
interest, such as when the AECB or the licensee plans to issue a
press release describing the occurrence.
After receipt of information about a given incident, the Secretary of the
Radioactivity Subcommittee will notify the appropriate agency representatives
on the Subcommittee who will, in turn, assess the available information. A
report would be provided to the Water Quality Board. If the incident is
significant, the Board would be informed immediately. All unplanned releases
after January 1, 1979, as described above, will be reported by the Radio-
activity Subcommittee through its Appendix D.
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INPUTS TO THE GREAT LAKES FROM MEDICAL
AND INDUSTRIAL USES OF RADIONUCLIDES
The possibiiity exists that radionuciides coqu reach the Great Lakes from
other than the various stages of the nucTear fuei cycTe. Many Taboratories in
the Great Lakes Basin are Ticensed by either the Atomic Energy ControT Board
or the U.S. NucTear Reguiatory Commission to use radionucTides. Exampies of
such usage woqu be for diagnostic and therapeutic purposes in hospitaTs, for .
teaching and research studies in universities and governmentaT Taboratories, {
and for process deveiopment in industry. The Teveis of radioactivity per- i
taining to such usage are usuaTTy not very high so that the normai disposaT
method is by diTution and fiushing into the sanitary sewage system of the
municipaiity in which the Taboratory is Tocated. Radionuciides discharged to
a sanitary sewer woqu then pass through the sewage treatment piant where they
wouid either settie out with the sTudge in the digestor or remain in soiution
and pass out with the effiuent to the receiving waters.
In order to assess the importance of such possibie discharges to the Great i
Lakes
, th
e Ra
dioac
tivit
y Sub
commi
ttee
reque
sted
its m
ember
s in
voive
d in
sur-
5
veiTiance activities on the Great Lakes to incTude major sewage treatment
piants in their 1978/1979 monitoring programs. Three studies were carried out
for seiected municipaT sewage treatment piants in the Lake Ontario Basin.
One study undertaken by Environment Canada (36) invoived the HamiTton and
the Dundas sewage treatment piants, both of which discharge into Buriington
Bay,
at t
he e
xtre
me w
este
rn
tip
of L
ake
Onta
rio.
Samp
ies
of t
he e
ffiu
ent
and
drie
d di
gest
or
slud
ge f
rom
each
pian
t we
re a
naTy
zed
for
vera
y em
itti
ng
rad
ion
uci
ide
s.
The
rad
ion
uci
ide
s i
den
tif
ied
and
the
con
cen
tra
tio
ns
obt
ain
ed
from these anaTyses are given in Tabie 22.
Rad
ion
uci
ide
s e
nte
rin
g t
he
sew
age
tre
atm
ent
pia
nts
are
mor
e r
ead
iiy
det
ect
ed
in
the
siu
dge
tha
n i
n t
he
eff
iue
nt
bec
aus
e o
f t
he
che
mic
aT
sca
ven
gin
g
by
the
siu
dge
soi
ids
.
The
maj
ori
ty
of
rad
ion
ucT
ide
s i
den
tif
ied
in
the
g
Ham
iTt
on
and
the
Dun
das
siu
dge
s a
re
eit
her
of
nat
ura
T o
rig
in
or
ari
se
fro
m
g
faT
iou
t f
rom
nuc
iea
r w
eap
ons
tes
tin
g.
-
 
.
~
.
Rad
ion
ucl
ide
s w
hic
h d
o n
ot
ari
se
fro
m f
aii
out
or
wea
pon
s t
est
ing
, a
nd
a
the
ref
ore
are
due
to
Toc
ai
use
,
are
51C
r,
753
e,
and
131
I.
The
ha
n
Tiv
es
of
i
the
se
rad
ion
ucT
ide
s
are
27.
8 d
ays
, 1
20.
4 d
ays
,
and
8.0
7 d
ays
, r
esp
ect
ive
iy.
A11
thr
ee
rad
ion
ucT
ide
s
are
use
d
in
nuc
Tea
r
med
ici
ne
for
res
ear
ch,
dia
gno
sis
,
and
the
rap
eut
ic
pur
pos
es
and
are
voi
ded
by
pat
ien
ts
to
the
san
ita
ry
sew
age
sys
tem
.
51C
r
is
the
onT
y
one
of
the
se
rad
ion
ucT
ide
s
rea
chi
ng
Lak
e
Ont
ari
o,
whi
ch
it
doe
s i
n t
he
eff
iue
nt
fro
m t
he
Ham
iit
on
sew
age
tre
atm
ent
pia
nt,
aithough at a very Tow concentration.
Fr
om
th
e
da
ta
in
Ta
bT
e
22
an
d
fr
om
op
er
at
in
g
da
ta
on
an
nu
aT
s1
ud
ge
pro
duc
tio
n
and
eff
iue
nt
voT
ume
whi
ch
wer
e
sup
pTi
ed
by
the
Ham
iTt
on-
wen
two
rth
Reg
ion
ai
Eng
ine
eri
ng
Dep
art
men
t,
abo
ut
115
mCi
per
yea
r
of
51C
r e
nte
r
the
Tak
e
wit
h
the
eff
Tue
nt
and
33
mCi
per
yea
r
acc
omp
any
the
inc
ine
rat
ed
siu
dge
to
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 TABLE 22
C
O
N
C
E
N
T
R
A
T
I
O
N
S
0F
R
A
D
I
O
N
U
C
L
I
D
E
S
IN
ON
TA
RI
O
SE
WA
GE
SL
UD
GE
AN
D
EF
FL
UE
NT
b
  
HA
MI
LT
ON
ST
P
DU
ND
AS
ST
P
RA
DI
ON
UC
LI
DE
DR
IE
D
SL
UD
GE
EF
FL
UE
NT
DR
IE
D
SL
UD
GE
EF
FL
UE
NT
pC
T/
kg
pC
T/
kg
pC
T/
kg
pC
T/
kg
ll
“’
Ce
12
48
i
52
a
67
6
i
53
a
l“
Ce
14
5
t
10
a
a
a
51
CF
27
05
i
13
2
1.
24
i
0.
06
a
a
13
11
45
i
10
a
18
5
t
19
a
12
5S
b
143
i
29
a
a
a
7Be
222
7
i
139
0.2
3
i 0
.05
827
i
140
a
1“
M
229
t
15
a
a
a
1“
RU
951
i 1
13
a
a
a
95Z
r
254
t 2
7
a
a
a
95N
b
364
i 2
2
a
a
a
137(:s 210 i 17 0.025: 0.005 100 i 20 a
228Th 236 t 14 a 284 i 20 0.02 i 0.01
226Ra 1024 i 106 a 643 i 97 a
753e a a 133 t 12 a
     
Not detected.
Information from Reference (36).
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TABLE 23
RADIONUCLIDES IN
NEW YORK STATE SEWAGE TREATMENT
 
PLANT EFFLUENTS. 1978a g
CONCENTRATIONINpCi/L '
SAMPLE
LOCATION DATE 1311 137Cs ‘°5Ru 952r 3H
Syracuse February 28 - <6 <20 <7 <300
June 6 147 i 9 <7 <30 <9 <400
JuTy 17 - <6 <20 1 <7 220 t 165
BuffaTo January 26 — <6 <20 <7 <300
March 31 - 47 t 13 <4 <15 500 t 400
ApriT 27 - <4 <14 <5 <300
May 26 - <6 <20 <8 400 t 270
July
31
-
<6
<19
<6
330
t 19
0
August 31 - <41 <13 <5 <200
      
 
 
a. Information from Reference (35)
 Tan
d d
isp
osa
T.
Thi
s e
sti
mat
e o
f t
he
ann
uai
inp
ut
of
51C
r t
o t
he
sew
age
tre
atm
ent
pTa
nt
is
in
exc
eiT
ent
agr
eem
ent
wit
h
the
ann
uaT
usa
ge
of
abo
ut
200
mCi
51Cr
est
ima
ted
by
the
McM
ast
er
Uni
ver
sit
y D
epa
rtm
ent
of
Nuc
Tea
r M
edi
cin
e.
A p
ara
TTe
T
stu
dy
of
the
rad
ioi
ogi
cai
qua
Tit
y o
f e
ffT
uen
ts
fro
m t
he
fou
r
Toro
nto
sewa
ge t
reat
ment
pian
ts (
Nort
h To
ront
o,
Main
, H
ighT
and
Cree
k,
and
Hum
ber
) d
isc
har
gin
g t
o L
ake
Ont
ari
o w
as
car
rie
d o
ut
by
the
Ont
ari
o M
ini
str
ies
of t
he E
nvir
onme
nt
and
Labo
ur (
44).
Mont
hiy
comp
osit
e sa
mpTe
s of
the
effl
uent
s
of
eac
h p
Tan
t w
ere
coT
Tec
ted
dur
ing
May,
June
, a
nd
JuT
y o
f 1
978
and
ana
Tyz
ed
for y-emitters. The Teveis of 6°Co, 1 “Cs, and 137Cs were aTT beTow
the minimum detectabTe concentration, which was 30 pCi/L for each.
The study by the New York Department of EnvironmentaT Conservation (35)
invoTved anaTyses of severaT treated effTuent sampTes from municipaT sewage
treatment pTants at Syracuse and at BuffaTo. The former discharges to Lake
Ontario via the Oswego River and the Tatter via the Niagara River. One sampTe
of the Syracuse effTuentshowed a measurabTe concentration of 131I (142:9
pCi/L) which woqu have arisen from the medicaT use of the radioisotope; aTT
gther radionuciides were at or beTow the Taboratory's minimum detection Timit
TabTe 23 .
The BuffaTo effiuent sampTes, with one exception, were at or beTow the
detection TeveTs for the radionucTides which were determined. The exception
was a higher-than-normaT resuTt for 137Cs (47:13 pCi/L) in the March 31,
1978 sampTe, which may be attributabTe to other than faTTout sources.
In summary, the results of these studies show that medicaT and industriaT
discharges of radionucTides through municipaT sewage treatment pTants have
TittTe effect on radioactivity TeveTs in the Great Lakes. Most of the radio-
nucTides reaching the pTants are either naturaTTy occurringor due to faTTout
from weapons testing, aTthough smaTT quantities of short-Tived radionucTides
used in nucTear medicine are present. Most of the radioactivity is removed
with the sTudge in the treatment of the sewage, and concentrations in the
sTudge are simiTar to those found in normaT soiTs. The TeveT of radioactivity
remaining in the effTuent is Tess than that found in rainfaTT.
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 @RADIOACTIVITY SURVEILLANCE
The Great Lakes radioactivity surveillance plan was developed by the
Radioactivity Subcommittee as a component of the Great Lakes International
Surveillance Plan developed under the direction of the Surveillance Subcom-
mittee. The radioactivity surveillance plan consists of five general areas
for surveillance. These are:
1. Source control areas
2. Ambient waters
3. Potable water supplies
4. Biota
5. Sediments
Details of the plan, including radionuclides to be measured, sampling L
locations and frequency, and analytical requirements, are presented in the p
1977 Appendix D (3). The adequacy of present radioactivity surveillance ﬁ
activities and the extent of implementation of the plan developed by the a
Radioactivity Subcommittee, in order to meet the requirements of the Great
Lakes Water Quality Agreement, are given below.
SOURCE CONTROL AREAS
Monitoring at the periphery of a source control area determines the action
required by the regulatory agency, as specified in the radioactivity objective
given in the 1978 Water Quality Agreement (see Chapter 2).
The Radioactivity Subcommittee concludes that the present monitoring
programs are adequate to determine the action level to be followed by the
regulatory agency. However, more frequent sampling and more specific analyses
would be required in order to adequately assess the contribution of
radionuclides to the Great Lakes from controlled sources.
AMBIENT WATERS
Monitoring of the radionuclide concentrations of the open waters of the
Great Lakes determines compliance with the radioactivity objective as well as
trends in radiological water quality. In past years, radiological sur-
veillance of the ambient waters was not conducted on a routine basis.
For
the
197
9 f
iel
d y
ear
, a
gre
eme
nt
was
rea
che
d b
etw
een
the
Can
ada
Nat
ion
al
Water Research Institute (NWRI) and the U.S. Environmental Protec- tion Agency
(EPA
) f
or t
he c
ondu
ct
of t
his
prog
ram.
For
Lake
Supe
rior
, L
ake
Mich
igan
, a
nd
Lake Huron, NWRI will provide sampling equipment, EPA will collect the
samp
les,
and
NWRI
will
perf
orm
the
anal
yses
.
For
Lake
Erie
and
Lake
Onta
rio,
NWRI will conduct the entire program.
In g
ener
al,
at l
east
one
samp
le w
ill
be c
olle
cted
each
year
from
each
sub-basin of each of the Great Lakes. Based on data from past years, this
program should be adequate to provide the desired annual assessment.
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ms
,
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e
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di
ti
on
al
co
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s
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ld
be
mi
ni
ma
l.
PUBLIC WATER SUPPLIES
Ra
di
ol
og
ic
al
mo
ni
to
ri
ng
of
pu
bl
ic
wa
te
r
su
pp
li
es
un
de
r
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
is
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si
gn
ed
to
de
te
rm
in
e
th
e
ra
di
ol
og
ic
al
do
se
to
ma
n
fr
om
in
ge
st
in
g
wa
te
r
fr
om
the
Gr
ea
t
La
ke
s.
Sa
mp
li
ng
and
ra
di
ol
og
ic
al
an
al
ys
is
of
fi
ni
sh
ed
dr
in
ki
ng
wa
te
r
wo
ul
d
pr
ov
id
e
a
di
re
ct
me
as
ur
e
of
th
e
hu
ma
n
up
ta
ke
of
ra
di
on
uc
li
de
s
fr
om
co
ns
um
pt
io
n
of
the
wat
er
.
Th
e
an
al
ys
is
of
ra
w
wa
te
r
co
ll
ec
te
d
at
th
e
wa
te
r
su
pp
ly
in
ta
ke
wo
ul
d
pr
ov
id
e
a
co
mp
an
io
n
es
ti
ma
ti
on
of
rad
iol
ogi
cal
qua
lit
y
of
the
lak
e
wat
er.
In
add
iti
on,
pai
red
raw
and
fin
ish
ed
wat
er
sam
ple
s
wou
ld
pro
vid
e
an
est
ima
te
of
the
eff
ici
enc
y
of
the
fin
ish
ing
process to remove radionuclides.
 
Dri
nki
ng
wat
er
sam
pli
ng
pro
gra
ms
are
con
duc
ted
by
var
iou
s j
uri
sdi
cti
ona
l
aut
hor
iti
es.
Fro
m t
he
con
cen
tra
tio
ns
of
the
spe
cif
ic
rad
ion
ucl
ide
s r
out
ine
ly
moni
tore
d as
part
of t
he C
anad
ian
prog
ram
cond
ucte
d by
the
Depa
rtme
nt o
f
Nat
ion
al
Hea
lth
and
Wel
far
e,
the
dos
e t
o a
n i
ndi
vid
ual
dri
nki
ng
wat
er
fro
mth
e
Grea
t La
kes
can
be c
alcu
late
d,
and
comp
lian
ce w
ith
the
obje
ctiv
e de
term
ined
.
The data produced in some state programs are also adequate in deter-
mining compliance with the radioactivity objective. However, the purpose of
many state screening programs is different from the purpose of radioactivity
surveillance under the Agreement. Data collected as part of these latter
programs are often limited to gross a and gross B, or the concentrations of
specific radionuclides are reported as "less than" values; such data indicate
whether or not jurisdictional health protection criteria are being met.
However, such data are of little value in determining radiological dose to
man, and hence compliance with the objective, since the concentrations of ;
specific radionuclides are required. The data collected are, however, f
adequate to determine if the dose commitment to an individual is greater than
1 mrem and, therefore, whether or not source investigation and corrective
action at a point source, as specified in the radioactivity objective, are
recommended.
 
_ In the U.S., the Safe Drinking Water Act requires radiological monitoring
of public water supplies. Coordination of monitoring require- ments under the
Act and under the Water Quality Agreement is being investigated.
FISHERY
Food (primarily fish) harvested from the Great Lakes and consumed by man
is another pathway of radionuclides to man. The radioactivity objective,
however, does not include the dose equivalent to man from consumption of Great
Lakes fish, since this pathway for ingestion of radionuclides is considered
insignificant. Programs to measure the concentration of specific radio—
nuclides in fish have been undertaken primarily in Lake Ontario, to determine
whether radionuclides released from nearby point sources are detectable in
18 .
SEDIMENT
The sediment can act as a sink for radionuclides of interest in the water
column. However, because of the spatial variability of radionuclides in the
62
  
 sediment, a iarge number of sampies would be required.
Therefore, no major
effort, other than research, has been undertaken to impiement this portion of
the program.
CONCLUSION
Present radioactivity surveiiiance activities on the Great Lakes and the
data they generate are generaiiy adequate to determine compiiance with the
radioactivity objective and to determine trends in the radioiogicai quaiity of
the water. The programs are, however, not adequate to determine totai intake
of radionuciides by man from drinking water and eating fish from the iake, nor
are the present programs adequate to determine the dispersion and fate of
radionuciides in the biota and the sediment. Radioactivity surveiiiance acti-
vities in the Great Lakes Basin are expected to improve in the next few years
as the radioactivity surveiiiance plan is impiemented and as drinking water
monitoring requirements are strengthened.
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WMONITORING
DATA
FOR
1978
The radicﬂogica]
monitoring data for water and biota samples obtained
during 1978 are reported in Tab1es 24—35.
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 TABLE 7N
OPEN LAKE DATA, 1978a
         
S T
A T
I 0
N
CON
CEN
TRA
TIO
N
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DC‘i
/L
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KE
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RT
H
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ST
SA
MP
LI
NG
DE
PT
H
IN
LAT
ITU
DE
LON
GIT
UDE
DAT
E
MET
RES
13 7
C5
‘2 5
Sb
9° S
r
SUP
ERI
OR
47°
26‘
00"
89°
43‘
00"
Jun
e 1
5
1
o.o
37:
0.0
05
o.o
za:
o.o
13
0.3
fg
i
+0.2
185 0.07o:o.007 0.040:0.013 0.3_0 1
47“
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00“
87°
27'
00"
Jun
e 1
6
1
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53t
0.0
06
0.0
23:
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13
0,3
fg'
f
162 o.o37:o.oos 0.031:0.01o -
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04'
30"
85°
37‘
18“
June
16
1
0.0
542
0.0
07
0.0
282
0.0
14
-
145 0.059:o.oo7 0.023:0.013 —
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N
1 45
°40'
30"
83°3
1'36
"
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17
1
0.02
9:0.
oos
0.04
220.
o1e
0.5f
g f
E
5
f
144
0.04
320.
007
0.02
310.
013
0.5
f82
1
+0
5
E 44
°57‘
00"
82°3
7'15
"
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17
1
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2:o.
ooe
0.01
5:0.
013
o.5_
0'1
.
.
1w anaemm7 oomﬂxm7 magi
43°37
‘42"
82°18
'00"
June
18
1
o.oa3
:o.oo
s
0.029
:o.o1
2
1.0:o
.1
+0.5
60 o.o19:o.oos o.oso:0.o15 0.6_0 1
GEORG
IAN
45°19
-oo“
1 81°
00'00
"
Septe
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7
1
0.036
:0.00
6
0.035
20.01
3
0.6+8
'f
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- ~
5T~
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42°
25'
18"
82°
45'
02"
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tem
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7
1
o.o
31:
0.o
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0.0
38:
0.0
14
o s
f8~
§
ERIE 42°52'00" 82°44'00" JuTy 20 1 o.o15:o.oos o.oe4:o.o13 0.5fg i
10 o.004:0.004 o.o3o:0.o11 0.6:8'?
42°34'28" 79°36'34" July 13 1 0 02520.007 o.048:0.013 0.5fg f
53.5 o.013:o.oos 0.040:0.016 0.6fg f
42°0
1'15
"
81°3
0'48
"
Ju1y
14
1
0.01
3:0.
006
0.05
6t0.
016
0.5+
8'?
24 o.o35:o.005 0.07210.014 0,520.1
ONTA
RIO
43°2
5'06
"
79°2
4'12
"
JuIy
8
1
0.02
520.
005
o.03
1:o.
o12
0.6*
g-§
101 0.034:0.006 0.04920.o1a 0.6:g'§
43°3
5'30
"
78°0
0'48
"
July
5
1
0.01
920.
005
0.03
520.
013
0.13
:3?
181 o.ozo:o.oos 0.03520.012 0 5:8'?
43°
36'
24"
76°
42'
36"
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y 6
1
0.0
29:
o.o
o7
0.0
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0.o
13
0.6
:8‘
?
J88 0.08520.007 o.oa7:o.o13 0.5fg'f
3. Information from Reference (37).
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DRINKING WATER INTAKES. 1978a
TABLE 25
 
MEAN CONCENTRATION IN pCi/L
   
Nine MiIe Point
Demster Beache
  
NEARBY SAMPLING 1
LAKE
FACILITY
LOCATIONb
GROSS a , GROSS 8
3H
9°Sr
‘3’cg
i
MICHIGAN Big Rock Point
CharIevoixC
<3
{2.8 t 2
-
1.2 t 0.7
-
PetoskeyC
<2
11.9 t 1
-
1.4
t 0.8
—
DonaId Cook
New BuffaioC
<2
12.5 i 2
-
1.4 t 0.8
-
Lake Townshipc
<2
51.6 : 1
—
1.3 t 0.8
-
BridgmanC
<2
2.4 i 1
-
1.1 t 0.8
-
PaIisadus
South Havenc
<7
2.5 t 1
-
0.9 t 0.8
-
Benton HarborC
.
<2
2.3 i 2
—
1.2 t 0.9
-
St. JosephC
I
<2
2.6 t 1
-
1.9 t 0.9
-
Zion
Lake County
0.7 2 0.6.2.8 : 1.1 360 t 260
-
—
Waukegan
‘
0.6 t 0.6 3.0 i 1.0
290 t 260
—
—
HURON
Bruce
Kincardine
-
-
0.67
0.03
Port EIQin
-
0.69
0.08
ERIE Davis-Besse Port CIinton
Raw 1 - 2 t 3 200 t 1200 — g
Hnmhm
-
51.3
1%0:10m
—
9
Erie Ind. Park
Raw
Finished
Put—In-Bay
Raw
Finished
ToIedo
Raw
Finished
Fermi 1 & 2 Fiat ROI:kah <2
Monroecah <2
NucIear Fuei Anqua <2.3
Services Sturgeon Point <2.3
Dunkirk I <2.7
ONTARIO Eidorado Nuc. Ltd. Port Hopef a -
Pickering Pickering 3 -
Ajax 1 -
Toronto I —
Ginna Ontario 1 <9.3
Fitzpatrick and OswegoC 1 <2.3
I
       
3
&
0
‘
h
f
‘
D
(
1
.
0
U
0
:
Information from References (35, 38, 39, 45, and 47).
Raw water uniess indicated.
Finished water.
1“1 <0.23 pCi/L and aSSr <O.11 pCi/L.
Not a drinking water intake.
ZZSRa = 0.20 pCi/L, 21°Pb = 0.20 pCi/L, u = 0.50 ug/L.
Not detected.
Station discontinued May 31, 1978.
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0
i
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0
2.
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i
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i
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1
36
0
i
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0
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1.
2
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i
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0
i
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0
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km
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h
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06
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d
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i
0.
5
3.
0
t
1.
0
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0
z
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0
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Ba
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Iy
Bu
rn
s
Di
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h
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-O
-0
.3
9
4.
2
—
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opo
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Ind
ian
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-l
-0.
16
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a. Information from References (45, 47, and 48).
b. 20 counting error.
c. Puinc water suppIy intake.
d. 89Sr <1 pCi/L, 9°Sr <O.8 pCi/L.
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TABLE 27
NORTH CHANNEL - SERPENT RIVER SURFACE WATER. 1978a
  
SAMPLING FLOW CONCENTRATION IN pC1/L U
LOCATION DATE (m3/s) GROSS a GROSS 8 226Ra (pg/L)
On Serpent River ApriI 28 53.2 15 15 2 <10
at Hwy. 17 bridge, May 24 53.8 14 13 3 <10
8.4 km upstream June 27 11.7 11 13 2 <10
from harbour. Dec. 29 15.8 15 17 2 <10
Station number Average for 18.7 — — 2.43b <10
14-019-1 1978
       
a. Information from Reference (44).
b. Weighted average, taking into account the variabIe stream row.
TABLE 28
NORTH CHANNEL INSHORE SURFACE WATER
SERPENT HARBOUR, 1978a
STATION LOCATION
DISTANCE C O N C E N T R A T I 0 N I N pCi/L
     
NORTH WEST FROM SOURCE
LATITUDE LONGITUDE DATE (km) 228Ra 226Ra 232Th 23°Th 228Th 21°Pb
46°12'15" 82°37'36" June 6 0.4 <2 6 <1 <1 <1 <1
Sept 9 6 <1 <1 <1 <1
46°12'12" 82°38'22" June 6 1.4 <2 6 <1 <1 <1 <1
Sept 9 3 <1 <1 <1 <1
46°12‘11" 82°39'90" June 6 2.2 <2 4 <1 <1 <1 <1
Sept 9 2 <1 <1 <1 <1
46°11'45" 82°40'00" June 6 3.7 <2 3 <1 <1 <1 <1
Sept 9 3 <1 <1 <1 <1
46°11
'38"
82°41
'04"
June
6
5.3
<2
3
<1
<1
<1
<1
I
Sep
t
9
<1
<1
<1
<1
<1
46°10'53" 82°42'24" June 6 7.0 <2 <1 <1 <1 <1 <1
Sep
t 9
<1
<1
<1
<1
<1
     
I;
a. Information from Reference (44).
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 TABLE 29
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"A
"
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R
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E
N
E
R
A
T
I
N
G
S
T
A
T
I
O
N
S
JUNE 15. 1978a
  
STA
TIO
N L
OCA
TIO
N
c 0
N c
E N
T R
A T
I 0
N
I N
pCT
/L
NORTH WEST
LATITUDE LONGITUDE 6°00 13“Cs 13705 3H
DougIas Point N.G.S.
44°20'09" 81°35'42" <30 <30 <30 <270
44°19'33" 81°36'50" <30 <30 <30 <270
44°20'02" 81°36'45" <30 <30 <30 <270
44°19'33" 81°36‘27" <30 <30 <30 <270
44°19'11" 81°36'34" <30 <30 <30 3501130b
44°19'38" 81°36'18" <30 <30 <30 <270
44°19'46" 81°36'13" <30 <30 <30 <270
44°20'09" 81°36'07" <30 <30 <30 <270
Bruce "A" N.G.S.
44°20'36" 81°35'12" <30 <30 <30 <27O
44°20'54" 81°35'21" <30 <30 <30 <270
44°20'30u 81°35'29" <30 <30 <30 <270
44°20'51" 81°34'44" <30 <30 <30 <270
44°21'04" 81°34'26" <30 <30 <30 <270
44°21'04" 81°35‘03" <30 <30 <30 <270
44°21'07"
81°34'44"
<30
<30
<30
<270
44°20'55"
81°34'10"
<30
<30
<30
980:130b
     
a. Information from Reference (44).
b. 10 counting error
70
  
 TABLE 30
LAKE ERIE — CATTARAUGUS CREEK WATER
1968 - 19786"b
  
AVERAGE ANNUAL CONCENTRATION IN pCi/L
YEAR GROSS a GROSS 8 9°Sr 3H
1968 - 123 25 22,000
1969 — 214 47 17,600
1970 - 222 69 19,600
1971 c 208 37 31,000
1972 c 169 9 2,200
1973 c 19 4 <500
1974 <4 15 <3 <800
1975 <4 11 <3 6,200
1976 <5 10 <2 8,400
1977 <5 7 1 1,800
1978 <4 7 1 2,770
Maximum Permissibie
Concentrations:h
NRC
Tec
hni
ca1
-
-
30
300
,00
0
Specifications
for Nuciear
Fue1 Services
EPA Drinking Water V
Sta
nda
rd
159
50f
se
20,
000
e
    
Information from Reference (35).
Me
as
ur
ed
at
Sp
ri
ng
vi
11
e
Da
m
(S
it
e
04
2)
.
Not detected.
10% of 10 CFR 20.
4 mrem, from 40 CFR 141.
If
gr
os
s
8
>5
0
pC
i/
L,
th
en
an
a1
ys
is
fo
r
sp
ec
if
ic
ra
di
o-
nuc1ides must be performed.
Co
mb
in
ed
22
6R
a
an
d
22
8R
a
=
5
pC
i/
L
ma
xi
mu
m.
If
so
1e
so
ur
ce
of
ra
di
oa
ct
iv
it
y.
"
t
h
Q
O
U
'
Q
J
c
a
n
.
.
.
3
&
0
0
.
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 TABLE 31
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AR
BY
SA
MP
LE
ST
AT
IO
N
ME
AN
CO
NC
EN
TR
AT
IO
N
IN
pC
i/
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I
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.
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R
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v.
14
2
7
15
,5
60
i
20
0
43
°4
8'
25
"
79
°0
4'
32
"
‘M
ay
2
<1
4
<2
60
<3
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g
4,
27
0
i
15
0
T
,
43
°4
8'
25
";
79
°0
5‘
00
"
[M
ay
2
1
I
5
<2
60
<3
0
<3
0
<3
0
1
No
v.
14
1
6
2,
75
0
z
14
0
43
°4
8'
15
"T
79
°0
4'
51
"
Ma
y
2
T
1
E
4
<2
60
<3
0
<3
0
<3
0
1
No
v.
14
1
<1
i
4
3,
65
0
i
15
0
| .
43
°4
8'
09
"1
79
°0
4'
40
"
Ma
y
2
i
<1
i
4
<2
60
<3
0
<3
0
<3
0
1
No
v.
14
I
<1
:
4
10
,1
20
=
18
0
. , .
43
°4
8'
07
"!
79
°0
4'
08
"
EM
ay
2
I
<1
‘
3
<2
60
<3
0
<3
0
<3
0
E
No
v.
14
§
<1
I
4
10
,0
10
i
18
0
I
T
I
43
°4
8'
19
"l
79
°0
3'
52
"
Ma
y
2
i
<1
1
4
<2
60
<3
0
<3
0
<3
0
No
v.
14
i
5
i
10
4,
06
0
1
15
0
      
' a. Information from Reference (44)
b. 10 counting error
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TABLE 33
LAKE ONTARIO SURFACE WATER NEAR PORT HOPE
AND
OFF
WEL
COM
E
AND
POR
T
GRA
NBY
DUM
PS,
197
8a
CONCENTRATION IN pCi/L
GROSS a GROSS 8
GENERAL SAMPLING (DISSOLVED PLUS (DISSOLVED PLUS U
AREA LOCATION DATE UNDISSOLVED) UNDISSOLVED) “‘Ra (ug/L)
Inside Port Stormwater May 18 185 50 <1 100
Hope Harbour discharge June 23 1274 178 3 780
JuTy 20 112 19 <1 79
Sept. 11 330 33 2 200
Oct. 12 271 46 (55)b 160
50 metres May 18 122 38 2 65
opposite June 23 7O 14 <1 40
discharge JuTy 20 191 7 <1 130
Sept. 11 300 40 1 170
Oct. 12 356 46 2 210
100 metres May 18 133 38 1 65
opposite June 23 72 16 <1 40
discharge JuTy 20 130 5 <1 93
Sept. 11 252 39 2 140
Oct. 12 357 60 4 220
U02 cooTing May 18 182‘ 55 - -
water June 23 651 440 <1 75
discharge JuTy 20 292 9 <1 220
Sept. 11 1304 184 1 850
Oct. 12 253 36 2 150
50 metres May 18 103 35 - -
opposite June 23 71 15 <1 45
cooling JuTy 20 26 6 i <1 17
water Sept. 11 292 40 1 170
discharge Oct. 12 359 55 2 210
MiddTe of May 18 ' 113 33 - -
channeT at June 23 70 13 <1 40
entrance to JuTy 20 3 5 <1 <10
turning basin Oct. 12 357 55 2 210
50 metres May 18 62 23 - -
south of June 23 2 <1 <1 <10
crane dock JuTy 20 1 3 1 <10
Sept. 11 l 6 <1 <10
Oct. 12 33 7 <1 20
Outside Port 50 metres May 18 1 5 <1 <10
Hope Harbour west of June 23 <1 <1 <1 <10
harbour JuTy 20 5 2 4C <10
mouth Sept. 11 <1 4 <1 <10
50 metres May 18 <1 4 <1 <10
eas
t o
f
Jun
e 2
3
<1
<1
<1
<10
harb
our
July
20
10
3
9C
<10
mout
h
Sept
. 1
1
<1
3
<1
<10
100
metr
es
May
18
1
5
<1
<10
sou
th
of
Jun
e 2
3
<1
<1
<1
<10
_
ha
rb
ou
r
Ju
Ty
20
l
3
.<1
<1
0
- mouth Sept. 11 <1 3 <1 <10
(Table continued on next page.)
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TABLE 33 (CONT’D.)
L
A
K
E
O
N
T
A
R
I
O
S
U
R
F
A
C
E
W
A
T
E
R
N
E
A
R
P
O
R
T
H
O
P
E
A
N
D
OF
F
W
E
L
C
O
M
E
AN
D
PO
RT
G
R
A
N
B
Y
DU
MP
S.
19
78
a
  
C
0
N
C
E
N
T
R
A
T
I
0
N
I
N
pC
i/
L
GROSS a GROSS 8
GE
NE
RA
L
SA
MP
LI
NG
(D
IS
SO
LV
ED
PL
US
(D
IS
SO
LV
ED
PL
US
U
AR
EA
LO
CA
TI
ON
DA
TE
UN
DI
SS
OL
VE
D)
UN
DI
SS
OL
VE
D)
22
‘R
a
(p
g/
L)
Of
f
50
me
tr
es
Ma
y
18
10
5
6
<1
0
We
lc
om
e
so
ut
h
of
Ju
ne
23
<1
<1
<1
<1
0
Du
mp
We
lc
om
e
Ju
ly
20
<1
3
<1
<1
0
ef
fl
ue
nt
Se
pt
.
11
<1
2
<1
<1
0
discharge
10
0
me
tr
es
Ma
y
18
<1
5
<1
<1
0
so
ut
he
as
t
Ju
ne
23
<1
<1
<1
<1
0
of
We
lc
om
e
Ju
ly
20
<1
2
<1
<1
0
ef
fl
ue
nt
Se
pt
.
11
2
5
<1
<1
0
discharge
10
0
me
tr
es
Ma
y
18
<1
5
<1
<1
0
so
ut
hw
es
t
Ju
ne
23
<1
<1
<1
<1
0
of
We
lc
om
e
Ju
ly
20
<1
3
<1
<1
0
ef
fl
ue
nt
Se
pt
.
11
<1
3
<1
<1
0
discharge
Of
f
Po
rt
50
me
tr
es
Ma
y
18
<1
5
<1
<1
0
Gr
an
by
so
ut
h
of
Ju
ne
23
2
<1
<1
<1
0
Du
mp
Po
rt
Gr
an
by
Ju
ly
20
<1
2
<1
<1
0
Ea
st
Go
rg
e
Se
pt
.
11
2
4
<1
<1
0
10
0
me
tr
es
Ma
y
18
<1
3
<1
<1
0
so
ut
he
as
t
Ju
ne
23
<1
<1
<1
<1
0
of
Ea
st
Ju
ly
20
<1
<3
<1
<1
0
Go
rg
e
Se
pt
.
11
<1
4
<1
<1
0
50
me
tr
es
Ma
y
18
35
35
<1
<1
0
so
ut
h
of
Ju
ne
23
<1
<1
<1
<1
0
Ne
st
Go
rg
e
Ju
ly
20
<1
4
'
<1
<1
0
Se
pt
.
11
<1
3
<1
<1
0
     
C
7
0
1
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(4
4)
.
Th
is
re
su
lt
is
co
ns
id
er
ed
to
be
er
r
prior to the sampling.
c.
Th
es
e
re
su
lt
s
ma
y
be
du
e
an
d
19
,
du
ri
ng
a
co
re
sa
mp
li
ng
op
er
at
io
n.
74
on
eo
us
;
th
er
e
wa
s
no
ab
no
rm
al
d
i
s
c
h
a
r
g
e
to
d
i
s
t
ur
b
a
n
c
e
of
th
e
h
a
r
b
o
ur
s
e
d
i
m
e
n
t
on
Ju
ly
18
  
  
TABLE 34
137C8 IN GREAT LAKES FISH
 
TYPE
OF
COL
LEC
TIO
N
MASS
OF
WHOL
E
SEX
137C
s C
ONC
ENT
RAT
ION
LAK
E
FIS
H
DAT
E
FIS
H,
kg
pCi
/kg
(we
t w
eig
ht)
SUP
ERI
OR
Sis
cow
et
Iak
e
Jun
e
21
7.6
9
280
i
10
tro
ut
Aug
ust
9
5.2
4
310
i
9
Aug
ust
23
4.6
1
480
:_1
0
ERI
E
Whi
te
bas
s
May
18
0.0
54
Imm
atu
re
60
i
6
Whi
te
bas
s
May
18
0.0
53
Imm
atu
re
56
i 1
0
Sma
II
mo
uth
JuI
y
8
1.2
3
M
59
1.
10
bass
Na
Ii
eye
Nov
emb
er
9
2.2
2
M
27
‘:
3
No
ve
mb
er
9
2.
35
F
23
i
3
No
ve
mb
er
15
_
2.
10
F
31
.:
3
ON
TA
RI
O
Ra
in
bo
w
tr
ou
t
Ap
ri
I
27
-
F
57
i
5
-
F
63
i
6
- F 91 i 7
- F 35 i 5
-
F
46
i
4
_ F 71 i 5
      
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
e
(3
7)
.
 7
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TABL
E 35
LAKE ONTARIO FISH AND AQUATIC VEGETATION
IN T
HE V
ICIN
ITY
OF N
UCLE
AR G
ENER
ATIN
G
STA
TIO
NS
IN
NEW
YORK
. 1
978a
NEARBY
FACILITY
TYPE OF
SAM
PLE
.SAM
PLIN
G
LO
CA
TI
ON
COL
LEC
TIO
N
DA
TE
CONCEN
TRATIO
N IN p
Ci/kg
(wet w
eight)
 
137C
S
13‘9C
S
106R
u
SOS}...
l00K
 
Nine
MiIe
Point
Bottom
feeder
Bottom
feeder
Aquatic
Veget
ation
b
Ginna
Top f
eeder
Top feeder
Bottom
feeder
Top
feede
r
Aquatic
Vegetationc
  
300 metres
offshore
Vic
ini
ty
of
discharge
Dem
ste
r
Bea
ch
Vic
ini
ty
of
disch
arge
Vi
ci
ni
ty
of
disc
harg
e
Vic
ini
ty
of
di
sc
ha
rg
e
Vic
ini
ty
of
disc
harg
e
Sh
or
eI
in
e
beh
ind
se
wa
ge
tr
ea
tm
en
t
pI
an
t
 
Oc
t.
11
Oc
t.
4
Se
pt
.
12
Ma
rc
h
14
Ju
ne
1
Ju
ne
8
Ju
ne
8
Se
pt
.
12
56
+
|
9.5 <7
5
+
|
3.7
25 i
2.5
2620
+
|
15
7
5
4
+
|
4.3 1
2 i
3.4
<15
<1.9
1840
(
\
J
0
‘
.
+
1
32 11
5.7
<12
170 t
53
—
1500
OI
’
\
(
\
I
+
|
6
7
+
|
5.4
<4
<20
2410
£
0
0
3
+
I
6
4
+
|
7.7
<6
<60
12
2.3
214
0
+
|
150
+
|
44
+
1
7.5
<6
<30
51
2.6
2360
140
+
1
+
|
11
4
+
l
+
|
4.6
20
i 3
.2
<15
121
t 8
.5
219
0
88
<8
<7
<30
—
2600
+
l
160
    
a.
Inf
orm
ati
on
fro
m r
efe
ren
ce
(35
)
b.
6°Co <19 pCi/kg
c.
1"“
Ce
= 8
3 i
17.
4 p
Ci/
kg,
131
1 <
7 p
Ci/
kg,
and
5"M
n <
10
pCi
/kg
.
 
 SIGNIFICANCE OF MONITORING DATA
The surveiTTance and monitoring data presented in Chapter 7 are discussed
beTow. Five radionucTides in particuTar are considered: 3H, 9°Sr, 137Cs,
1“Sb, and 226Ra; the first two are the major contributors to the radioTogicaT
dose resuTting from the ingestion of water from the Great Lakes. In accordance
with the changes introduced by the InternationaT Commission on RadioTogicaT
Protection (ICRP), discussed in Chapter 2, the "doses" presented beTow are
impTied vaTues incorporating the weighting (risk) factors promuTgated in ICRP
PubTication 26 (7). These doses are caIcuTated, using the dose-to-concentra-
tion conversion factors presented in the Radioactivity Subcommittee's 1977
Appendix D (3).
In generaT, the open waters of aTT of the Great Lakes are homegeneous with
respect to the concentrations of 9°Sr, 137Cs, and 1“Sb. Trends in radio—
nucTide concentration are discussed beTow.
WATER
LAKE SUPERIOR
The average concentration of 9°Sr in the open waters of Lake Superior in
1978 was 0.3pCi/L (TabTe 24). Ingestion of 2.2 Titres of Lake Superior water
per day for one year woqu resuTt in an annuaT dose to man of 0.02 mrem. The
objective is 1 mrem.
The average open-water concentration of 137Cs in 1978 was 0.05 pCi/L,
which is simiTar to the average TeveT reported for 1976 (43) and sTightIy
Tower than the average TeveT of 0-08 pCi/L reported for 1973 and 1974 (12,
42). The annuaT dose from ingestion of water containing 137Cs at the TeveT
observed for 1978 is about 0.001 mrem.
The concentration of 1255b reported for 1978 (0.03 pCi/L) is essentiaTTy
unchanged from vaTues reported for 1973-74 (12, 42). This concentration is
equivaTent to an annuaT dose of about 0.00003 mrem.
LAKE MICHIGAN
Tab
Tes
25
and
26
giv
e r
adi
oTo
gic
aT
mon
ito
rin
g d
ata
coT
Tec
ted
dur
ing
197
8
at
sou
rce
con
tro
T a
rea
s o
f n
ucT
ear
gen
era
tin
g s
tat
ion
s a
nd
at
seT
ect
ed
dri
nki
ng
wat
er
int
ake
s T
oca
ted
on
Lak
e M
ich
iga
n.
The
ave
rag
e 3
H c
onc
ent
ra-
tion
was
400
pCi/
L an
d th
e av
erag
e 9°
Sr c
once
ntra
tion
was
1.3
pCi/
L.
Thes
e
Tev
eTs
are
abo
ut
the
sam
e a
s t
he
ave
rag
e v
aTu
es
rep
ort
ed
for
197
7 (
330
and
1.1
pCi
/L,
res
pec
tiv
eTy
).
The
pri
mar
y s
our
ce
of
the
9°S
r a
nd
the
3H
is
faT
Tou
t f
rom
atm
osp
her
ic
tes
tin
g o
f n
ucT
ear
wea
pon
s.
For
197
8,
the
dos
es
due
to
ing
est
ion
of
3H
and
9°S
r i
n w
ate
r f
rom
Lak
e M
ich
iga
n w
ere
0.0
3 an
d 0
.10
pCi/L, respectiveTy.
77
 The
av
er
ag
e
gr
os
s
8
lev
el
in
19
78
is
es
se
nt
ia
ll
y
un
ch
an
ge
d
fr
om
197
7.
Th
e
ob
se
rv
ed
va
lu
es
do
not
in
di
ca
te
an
y
ma
jo
r
re
le
as
e
of
ra
di
on
uc
li
de
s
fr
om
the nuclear generating stations.
LAKE HURON
The
con
cen
tra
tio
ns
of
9°S
r,
137
05,
and
125
Sb
rep
ort
ed
for
Geo
rgi
an
Bay
and
fo
r
La
ke
St.
Cl
ai
r
are
si
mi
la
r
to
th
os
e
re
po
rt
ed
fo
r
th
e
op
en
wa
te
r
of
La
ke
Hur
on
(Ta
ble
24)
.
The
ave
rag
e
ope
n
wat
er
con
cen
tra
tio
n
of
90S
r
rep
ort
ed
for
La
ke
Hu
ro
n
in
19
78
is
ab
ou
t
0.
61
pC
i/
L.
Th
is
is
in
cl
os
e
ag
re
em
en
t
wi
th
th
e
ave
rag
e
raw
wat
er
con
cen
tra
tio
n
of
0.6
8
pCi
/L
(Ta
ble
25)
rep
ort
ed
for
the
Kin
car
din
e
and
the
Por
t
Elg
in
pub
lic
wat
er
int
ake
s.
The
se
int
ake
s
are
in
the
vic
ini
ty
of
the
Bru
ce
nuc
lea
r
pow
er
and
hea
vy
wat
er
com
ple
x.
The
obs
erv
ed
9°S
r
con
cen
tra
tio
ns
are
equ
iva
len
t
to
an
ann
ual
dos
e
of
abo
ut
0.0
5
mre
m.
The
ave
rag
e c
onc
ent
rat
ion
s o
f 1
370
5 m
eas
ure
d i
n t
he
ope
n w
ate
r a
nd
at
the
Por
t E
lgi
n
and
the
Kin
car
din
e p
ubl
ic
wat
er
int
ake
s i
n 1
978
are
sim
ila
r
(0.03 and 0.05 pCi/L, respectively).
To
det
erm
ine
cha
nge
s w
ith
tim
e
in
the
9°S
r,
137
05,
and
125
8b
con
cen
tra
-
tio
ns
in
Lak
e H
uro
n,
pub
lic
wat
er
int
ake
and
ope
n w
ate
r d
ata
fro
m 1
963
to
197
8
wer
e c
omp
ile
d
(Ta
ble
36)
.
The
maj
or
sou
rce
of
the
rad
ion
ucl
ide
s
to
the
wat
er
is
fro
m n
ucl
ear
wea
pon
s t
est
ing
.
The
wat
er
int
ake
dat
a f
or
9°S
r i
ndi
cat
e a
n
app
are
nt
con
cen
tra
tio
n m
axi
mum
in
196
5 a
nd
ess
ent
ial
ly
no
cha
nge
sin
ce
196
7;
the
ope
n w
ate
r d
ata
cor
rob
ora
te
the
se
fin
din
gs.
The
ave
rag
e a
nnu
al
dos
e o
ver
thi
s 1
6-y
ear
per
iod
due
to
ing
est
ion
of
Lak
e H
uro
n w
ate
r c
ont
ain
ing
9°S
r i
s
abo
ut
0.0
6 m
rem
, a
nd
the
max
imu
m 0
.08
mre
m (
for
the
Por
t E
lgi
n w
ate
r i
nta
ke
in
965 .
The
con
cen
tra
tio
n o
f 1
370
5 d
ecr
eas
ed
alm
ost
ten
fol
d f
rom
196
3 t
o 1
978
;
thi
s c
an
be
att
rib
ute
d t
o s
edi
men
tat
ion
or
sor
pti
on
of
137
Cs
ont
o s
edi
men
tin
g
par
tic
les
.
The
max
imu
m d
ose
due
to
137
05
was
0.0
1 m
rem
in
196
3.
The
ave
rag
e
con
cen
tra
tio
n r
epo
rte
d
in
197
8 w
oul
d r
esu
lt
in
an
ann
ual
dos
e o
f 0
.00
1 m
rem
.
The
con
cen
tra
tio
n o
f 1
253
b o
bse
rve
d i
n 1
978
was
abo
ut
0.0
3 p
Ci/
L,
whi
ch
is
gen
era
lly
low
er
tha
n l
eve
ls
rep
ort
ed
for
pre
vio
us
yea
rs.
The
cor
res
pon
din
g
annual dose is about 0.00003 mrem.
The
aver
age
annu
al
conc
entr
atio
n of
226R
a me
asur
ed a
t th
e mo
uth
of t
he
Ser
pen
t R
ive
r h
as
bee
n s
tea
dil
y d
ecr
eas
ing
eac
h y
ear
as
a r
esu
lt
of
a d
ecr
eas
e
in mine activity, reuse of process waters, and the use of barium chloride
tre
atm
ent
.
In
196
6,
the
mea
n c
onc
ent
rat
ion
of
226
Ra
was
11.
7 p
Ci/
L (
42)
and,
by 1
977,
the
mean
conc
entr
atio
n wa
s 4.
8 pC
i/L
(3).
Thes
e me
an
valu
es
are
all
in e
xces
s of
the
Onta
rio
crit
erio
n of
3 pC
i/L
for
publ
ic s
urfa
ce w
ater
supp
lies
.
In 1
978,
the
mean
conc
entr
atio
n re
port
ed
at t
he m
outh
of t
he
Serp
ent
Rive
r wa
s 2.
4 pC
i/L
(Tab
le 2
7),
whic
h is
bett
er t
han
the
crit
erio
n;
this
conv
erts
into
an a
nnua
l d
ose
equi
vale
nt o
f 1.
0 mr
em t
o th
e wh
ole
body
.
Since the river mouth is considered as a source control area, the
conc
entr
atio
n at
the
1-km
boun
dary
is t
he c
riti
cal
valu
e.
Data
in T
able
28
indicate that the concentration at this distance from the river mouth is
greater than 3 pCi/L. The frequency of sample collection and the amount of
data produced at both the sampling station near the Serpent River mouth (Table
27) and in Serpent Harbour (Table 28) are insufficient for further interpreta-
tion of the data.
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TABLE 36
90 13
SR, ’CS, AND 12533 IN LAKE HURON WATER
1963 — 1978a’b
  
C
0
N
C
E
N
T
R
A
T
I
0
N
I
N
p
C
i
/
L
YE
AR
KI
NC
AR
DI
NE
PO
RT
EL
GI
N
AV
ER
AG
E
OP
EN
WA
TE
R
eo
sr
13
7C
S
90
$r
13
7C
S
so
sr
13
7C
S
eo
sr
13
7C
S
12
53
b
19
63
0.
60
0.
37
0.
75
0.
40
0.
68
0.
38
—
-
-
19
64
0.
80
0.
30
0.
76
0.
28
0.
78
0.
29
-
-
-
19
65
0.
96
0.
19
1.
06
0.
19
1.
01
0.
19
-
-
-
19
66
0.
85
0.
18
0.
94
0.
09
0.
90
0.
14
-
-
—
19
67
0.
76
0.
11
0.
84
0.
06
0.
80
0.
08
-
-
-
19
68
0.
70
0.
08
C
c
-
-
-
—
-
19
69
0.
66
0.
06
c
c
—
-
—
-
-
19
70
0.
66
0.
06
c
C
-
-
-
-
-
19
71
0.
75
<0
.1
0
0.
84
<0
.1
0
0.
80
<0
.1
0
-
-
-
19
72
0.
71
<0
.1
0
0.
74
<0
.1
0
0.
72
<0
.1
0
>
-
-
-
19
73
0.
70
<0
.1
0
0.
80
<0
.1
0
0.
75
<0
.1
0
0.
86
0.
04
0.
08
19
74
0.
75
0.
07
0.
79
0.
04
0.
77
0.
05
-
0.
05
0.
07
19
75
0.
72
0.
04
0.
76
0.
03
'
0.
74
0.
03
-
0.
04
0.
06
19
76
0.
71
0.
06
0.
74
0.
09
0.
72
0.
07
-
0.
02
0.
04
19
77
0.
64
0.
03
0.
68
0.
02
0.
66
0.
02
0.
84
0.
04
0.
06
19
78
0.
67
0.
03
0.
69
0.
08
0.
68
0.
05
0.
61
0.
03
0.
03
AV
ER
AG
E
0.
73
0.
11
0.
80
0.
11
0.
77
0.
11
0.
77
0.
04
0.
06
      
 
   
a. Raw water.
b.
I
n
f
o
r
m
a
t
i
o
n
f
r
o
m
R
e
f
e
r
e
n
c
e
s
(3
,
12
,
37
,
3
9
-
4
3
)
.
c. Not sampTed.
Si
nc
e
th
e
do
se
fr
om
22
6R
a,
in
an
y
ev
en
t,
is
gr
ea
te
r
th
an
1
mr
em
,
th
e
ra
di
oa
ct
iv
it
y
ob
je
ct
iv
e
re
qu
ir
es
so
ur
ce
in
ve
st
ig
at
io
n
an
d
co
rr
ec
ti
on
ac
ti
on
if
re
le
as
es
ar
e
no
t
as
lo
w
as
re
as
on
ab
ly
ac
hi
ev
ab
le
.
Lo
ad
in
g
da
ta
pr
es
en
te
d
in
Ta
bl
e
21
in
di
ca
te
th
at
,
in
19
78
,
72
mC
i
of
22
6R
a
en
te
re
d
Se
rp
en
t
Ri
ve
r
fr
om
th
e
th
re
e
ac
ti
ve
mi
ne
s
bu
t
th
at
th
e
19
78
lo
ad
in
g
fr
om
Se
rp
en
t
Ri
ve
r
to
Se
rp
en
t
Ha
rb
ou
r
wa
s
14
30
mC
i;
th
e
lo
ad
in
g
in
19
77
wa
s
14
20
mC
i
(3
).
Th
e
ma
jo
r
so
ur
ce
s
of
ra
di
oa
ct
iv
it
y
to
th
e
Se
rp
en
t
Ri
ve
r
ar
e
pr
ob
ab
ly
na
tu
ra
l
in
pu
ts
fr
om
th
e
be
dr
oc
k
an
d
al
so
th
e
re
su
lt
of
le
ac
hi
ng
fr
om
ta
il
in
gs
pi
le
s
at
ab
an
do
ne
d
mi
ne
s
upstream in the river basin.
 
Th
e
mo
ni
to
ri
ng
da
ta
co
ll
ec
te
d
in
th
e
vi
ci
ni
ty
of
th
e
Br
uc
e
"A
"
an
d
th
e
Do
ug
la
s
Po
in
t
nu
cl
ea
r
ge
ne
ra
ti
ng
st
at
io
n
so
ur
ce
co
nt
ro
l a
re
as
(T
ab
le
28)
sh
ow
no
me
as
ur
ab
le
re
le
as
es
at
the
ti
me
of
sa
mp
li
ng
.
Th
e
av
er
ag
e
3H
lev
el
(<
27
0
pC
i/
L)
fo
r
19
78
is
eq
ui
va
le
nt
to
an
an
nua
l
do
se
of
les
s
th
an
0.
02
mr
em
.
LAKE ERIE
The
ave
rag
e
con
cen
tra
tio
n
of
9°S
r
for
197
8
in
the
ope
n
wat
ers
of
Lak
e
Eri
e
(Ta
ble
24)
was
low
er
tha
n
the
lev
el
obs
erv
ed
in
197
7
(0.
57
vs.
0.8
1
pC
i/
L)
.
Th
e
av
er
ag
e
19
78
co
nc
en
tr
at
io
n
of
13
7C
s
(0
.0
2
pC
i/
L)
is
un
ch
an
ge
d
fro
m
lev
els
rep
ort
ed
in
197
3
(12
)
and
197
7
(3)
.
The
ave
rag
e
con
cen
tra
tio
ns
of
125
Sb
rep
ort
ed
in
197
7
and
197
8
are
sim
ila
r
(0.
04
and
0.0
5
pCi
/L,
res
pec
—
tiv
ely
),
but
are
low
er
tha
n
the
197
3
lev
el
of
0.0
9
pCi
/L
(3)
.
The
obs
erv
ed
197
8
ave
rag
e
con
cen
tra
tio
ns
of
90S
r,
137
Cs,
and
125
5b
are
equ
iva
len
t
to
ann
ual
dos
es
of
0.0
5,
0.0
004
,
and
0.0
000
5 m
rem
, r
esp
ect
ive
ly.
The
ave
rag
e
raw
wat
er
con
cen
tra
tio
n
of
3H
in
Lak
e
Eri
e
in
197
8
was
abo
ut
330
pCi
/L,
whi
ch
is
equ
iva
len
t
to
an
ann
ual
dos
e
of
abo
ut
0.0
2
mre
m.
Tab
le
30
sum
mar
ize
s
the
ave
rag
e a
nnu
al
con
cen
tra
tio
ns
of
3H,
9°S
r,
gro
ss
a,
and
gro
ss
8 m
eas
ure
d
fro
m 1
968
thr
oug
h
197
8
in
Cat
tar
aug
us
Cre
ek
at
Spr
ing
-
vil
le
Dam
,
whi
ch
is
abo
ut
30
km
ups
tre
am
fro
m t
he
mou
th
of
the
cre
ek
and
abo
ut
30 km downstream from Nuclear Fuel Services (NFS).
The
obs
erv
ed
con
cen
tra
tio
ns
of
9°S
r
and
3H
are
wit
hin
the
Nuc
lea
r
Reg
ula
-
tor
y C
omm
iss
ion
's
tec
hni
cal
spe
cif
ica
tio
ns
for
NFS
and
als
o m
eet
EPA
's
dri
nki
ng
wat
er
sta
nda
rd.
The
hig
hes
t r
epo
rte
d a
ver
age
con
cen
tra
tio
n o
f 3
H
was
31,
000
pCi
/L
in
197
1,
whi
ch
was
equ
iva
len
t t
o a
dos
e o
f 2
.0
mre
m;
and
the
hig
hes
t
rep
ort
ed
ave
rag
e c
onc
ent
rat
ion
of
9°S
r,
69
pCi
/L,
was
equ
iva
len
t
to
a d
ose
of
5.4
5 m
rem
.
In
197
8,
the
dos
es
fro
m i
nge
sti
on
of
wat
er
fro
m t
his
loc
ati
on
in
Cat
tar
aug
us
Cre
ek
wer
e
0.1
8 an
d 0
.08
mre
m,
res
pec
tiv
ely
.
The
obs
erv
ed
con
cen
tra
tio
n o
f 3
H i
n L
ake
Eri
e i
n t
he
vic
ini
ty
of
the
mou
th
of
Cat
tar
aug
us
Cre
ek
is
<28
0 p
Ci/
L
(Ta
ble
31)
, w
hic
h
is
equ
iva
len
t t
o a
dos
e o
f
less than 0.02 mrem.
The
inc
rea
se
in
3H
con
cen
tra
tio
ns
in
197
5 t
hro
ugh
197
8 i
s t
he
res
ult
of
the
cont
roll
ed
rele
ase
of w
ater
pump
ed f
rom
the
tren
ches
at t
he l
ow-l
evel
was
te-
bur
ial
sit
e a
t N
FS.
Thi
s t
ren
ch
wat
er
was
tre
ate
d i
n t
he
low
-le
vel
waste treatment facility at NFS prior to its release.
 
LAKE ONTARIO
The
aver
age
1978
conc
entr
atio
n of
9°Sr
repo
rted
(Tab
le 2
4) f
or t
he o
pen
wat
ers
of
Lak
e O
nta
rio
is
low
er
tha
n t
he
ave
rag
e r
epo
rte
d (
Tab
le
25)
for
raw
80
  
water sampTes coTTected at the Pickering, Ajax, Toronto, and Ontario (New
York) pubTic water suppTies (0.60 vs, 0.83 pCi/L, respectiveTy).
These con-
centrations are equivaTent to an annuaT dose of about 0.06 mrem.
The average 1978 open water concentration of 13705 is about the same as
the average reported for the Pickering, Ajax, and Toronto pubTic water
suppTies (0.03 vs. 0.04 pCi/L, respectiveTy); for both, the equivaTent annuaT
dose is Tess than 0.001 mrem.
9°Sr, 1370s, and 125Sb data for the period 1971-1978 were compiTed (TabTe
37) to determine trends in the radioTogicaT water quaTity of Lake Ontario.
The 9°Sr concentration shows essentiaTTy no change between 1971 and 1978.
The average annuaT dose due to ingestion of 9°Sr contained in Lake Ontario
water for this period is about 0.07 mrem; both the maximum and the minimum
doses (0.10 and 0.06 mrem, respectiveTy) were recorded at the Toronto pubTic
water suppTy.
In generaT, the average 1370s concentrations are comparabTe for each
year at the three water intakes and in the open waters (TabTe 37) and, as for
Lake Huron, the average yearTy concentration has decreased with time. The
reason for this decrease, as for Lake Huron, is sedimentation or sorption of
137Cs onto sedimenting particTes. NonetheTess, even for the highest average
annuaT 13705 concentration reported (0.37 pCi/L), the annuaT dose was stiTT
Tess than 0.01 mrem.
Open water 125Sb concentrations are simiTar for 1976—78 (about 0.03
pCi/L) and, Tike 13705, are considerabTy Tower than the TeveT reported (0.09
pCi/L) for 1973. The average annuaT dose due to 1255b ingestion is about
0.00003 mrem.
The waters of Port Hope Harbour receive waste from the ETdorado NucTear
Ltd. uranium refinery. The average 226Ra concentration in the harbour
(TabTe 33) in 1978 was beTow the Ontario criterion of 3 pCi/L for pubTic
surface water suppTies; in 1977, some of the sampTes coTTected had shown
226Ra TeveTs of 4 pCi/L (3). In generaT, the concentrations of gross a,
gross B, and uranium were higher in Port Hope Harbour in 1978 than in 1977
(3).
The 1978 data (TabTe 33) for 226Ra, gross a, gross B, and uranium in Lake
Ontario outside Port Hope Harbour and off the Port Granby and the WeTcome
waste management sites show TeveTs near to or Tess than the detection Timits;
these are comparabTe to data coTTected in 1977 (3).
In 1978, the concentration of 226Ra in Lake Ontario water in the
vicinity of Port Hope was 0.20 pCi/L (39); this is equivaTent to a dose of
0.09 mrem.
In g
ener
aT,
the
conc
entr
atio
n of
3H i
s be
Tow
the
dete
ctio
n Ti
mit
of 2
60
pCi/L (TabTe 32; see aTso TabTe 25). This is equivaTent to a dose of Tess
than 0.02 mrem. On one sampTing date, however, eTevated TeveTs of 3H were
reported in the vicinity of the Pickering "A" nucTear generating station. If
the highest concentration reported (15,560 pCi/L) had been maintained for a
fuTT year, the dose to the whoTe body woqu have been 1.0 mrem.
8
2
9
0
SR,
137
TA
BL
E
37
Cs.
AN
D
12
58
3
IN
LA
KE
ON
TA
RI
O
WA
TE
R
19
71
-
19
78
6’
b
 
C 0
N
C E
N T
R A
T
I 0
N
p
C
i
/
L
YEAR
PICKERING
AJAX
TORONTO
AVERAGE
OP
EN
WA
TE
R
SUSY
137CS
9°Sr
137CS
SO
Sr
137CS Sosr
137CS
9°
Sr
13
7C
s
12
53
b
AVE
RAG
E
1971
19
72
1973
19
74
1975
1976
19
77
1978
 
0.
80
0.82
0.85
0.95
0.
82
0.
82
0.
91
0.
82
0.85
 
0.
31
0.
06
0.
37
0.12
0.04
0.05
0.
04
0
.
1
4
 
0.83
0.93
0.
88
0.
85
0.
95
0.
82
0.96
0.78
0.88
 
0.
24
0.15
0.
11
0.
04
0.09
0.
08
0.
05
0.
11
 
1.
04
1.30
0.
94
0.
87
0.
91
0.
84
0.95
0.
86
0.96
 
0.
22
0.
08
0.
07
0.
04
0.
05
0.
04
0.
04
0.08
 
0.89
1.01
0.89
0.89
0.
89
0.83
0.
94
0.82
0.89
 
0.26
0.10
0.18
0.
07
0.06
0.06
0.
04
0.11
0.93
0.60
0.93
  
0.
02
0.
02
0.
03
0.
03
  
a.
b.
Raw w
ater.
Info
rmat
ion
from
Refe
renc
es
(3,
12,
37,
39-4
3).
 
 
 Reasonably low levels of 13705 are reported as present in samples of
whole Great Lakes fish (Table 34). 0f the species collected, the 13705
concentration is highest in siscowet lake trout from Lake Superior, but these
levels are sufficiently low so as to not be of any environmental or health
concern. The average 137Cs concentration reported in samples of whole
rainbow trout from Lake Ontario show little change with time. The observed
average values are 64, 53, and 60 pCi/kg for 1976, 1977, and 1978,
respectively (3).
Analyses of fish collected in the vicinity of the Ginna and the Nine Mile
Poin
t nu
clea
r ge
nera
ting
stat
ions
aver
age
66 p
Ci/k
g fo
r 1
37C5
(Tab
le 3
5)
whic
h ag
rees
with
the
valu
es r
epor
ted
for
whol
e ra
inbo
w tr
out
(Tab
le 3
4).
The
appe
aran
ce o
f 13
"Cs
at j
ust
abov
e th
e de
tect
ion
limi
t in
two
of t
he s
ix f
ish
samp
les
sugg
ests
that
some
of t
he b
ioac
cumu
late
d ce
sium
may
have
come
from
the
nuclear station effluent.
SUMMARY
The
ove
ral
l r
adi
olo
gic
al
qua
lit
y o
f t
he
Gre
at
Lak
es
rem
ain
s e
sse
nti
all
y
unc
han
ged
fro
m 1
977.
Dif
fer
enc
es
in
the
rep
ort
ed
lev
els
of
rad
ioa
cti
vit
y f
or
the
ope
n
lak
es
are
not
lar
ge
and
not
con
sis
ten
t e
nou
gh
to
sup
por
t a
tte
mpt
s
at
long-term projections.
The
ann
ual
dos
e
to
man
fro
m
the
ing
est
ion
of
9°S
r
in
wat
er
fro
m
the
Gre
at
Lak
es
is
0.0
2,
0.1
0,
0.0
5,
0.0
5,
and
0.0
6 m
rem
for
wat
er
fro
m
Lak
e
Sup
eri
or,
Lak
e
Mic
hig
an,
Lak
e
Hur
on,
Lak
e
Eri
e,
and
Lak
e
Ont
ari
o,
res
pec
tiv
ely
;
the
se
dos
es
are
sim
ila
r
to
tho
se
rep
ort
ed
for
pre
vio
us
yea
rs.
Th
e
av
er
ag
e
co
nc
en
tr
at
io
n
of
3H
in
ea
ch
of
th
e
Gr
ea
t
La
ke
s
ra
ng
es
fr
om
le
ss
th
an
26
0
to
40
0
pC
i/
L,
wh
ic
h
is
eq
ui
va
le
nt
to
an
an
nu
al
do
se
of
ab
ou
t
0.
03
mr
em
or
le
ss
.
Th
us
,
th
e
ma
xi
mu
m
an
nu
al
do
se
du
e
to
in
ge
st
io
n
of
ra
w
la
ke
wa
te
r
(e
xc
ep
t
fr
om
th
e
Se
rp
en
t
Ha
rb
ou
r
ar
ea
an
d
in
th
e
vi
ci
ni
ty
of
Po
rt
Ho
pe
)
wo
ul
d
co
me
fr
om
dr
in
ki
ng
wa
te
r
fr
om
La
ke
Mi
ch
ig
an
;
th
is
do
se
(0
.1
3
mr
em
)
is
co
ns
id
er
ab
ly
le
ss
th
an
th
e
ob
je
ct
iv
e
of
1
mr
em
pe
r
ye
ar
.
Th
e
av
er
ag
e
19
78
co
nc
en
tr
at
io
n
of
2“
Ra
at
th
e
mo
ut
h
of
th
e
Se
rp
en
t
Ri
ve
r
wa
s
2.
4 p
Ci
/L
,
wh
ic
h
is
le
ss
th
an
th
e
On
ta
ri
o
cr
it
er
io
n
of
3.
0
pC
i/
L
fo
r
pu
bl
ic
su
rf
ac
e
wa
te
r
su
pp
li
es
.
Th
is
av
er
ag
e
co
nc
en
tr
at
io
n
is
eq
ui
va
le
nt
to
an
an
nu
al
do
se
of
1.
0
mr
em
.
Th
e
da
ta
in
di
ca
te
th
at
th
e
ma
jo
r
so
ur
ce
s
of
ra
di
oa
ct
iv
it
y
ar
e
pr
ob
ab
ly
na
tu
ra
l
in
pu
ts
fr
om
th
e
be
dr
oc
k
an
d
al
so
th
e
re
su
lt
of
le
ac
hi
ng
fr
om
ta
il
in
gs
pi
le
s
at
ab
an
do
ne
d
mi
ne
s
in
th
e
Se
rp
en
t
Ri
ve
r
Ba
si
n.
In
th
e
Po
rt
Ho
pe
ar
ea
,
th
e
in
ge
st
io
n
of
ra
w
wa
te
r
co
nt
ai
ni
ng
22
6R
a
wo
ul
d
re
su
lt
in
an
ad
di
ti
on
al
do
se
of
0.
09
mr
em
.
El
ev
at
ed
le
ve
ls
of
3H
we
re
re
po
rt
ed
we
ll
up
st
re
am
in
Ca
tt
ar
au
gu
s
Cr
ee
k,
wh
ic
h
dr
ai
ns
th
e
ar
ea
su
rr
ou
nd
in
g
th
e
Nu
cl
ea
r
Fu
el
Se
rv
ic
es
si
te
,
bu
t
le
ve
ls
re
po
rt
ed
in
th
e
vi
ci
ni
ty
of
th
e
cr
ee
k
mo
ut
h
in
La
ke
Er
ie
ar
e
be
lo
w
th
e
detection limit.
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S
U
M
M
A
R
Y
&
CO
NC
LU
SI
ON
S
RADIOACTIVITY OBJECTIVE AND DOSE CALCULATION
In
res
pon
se
to
a q
ues
tio
n f
rom
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
, t
he
Rad
ioa
cti
vit
y S
ubc
omm
itt
ee
ass
ess
ed
the
cha
nge
s
int
rod
uce
d b
y t
he
Int
er-
nat
ion
al
Com
iss
ion
on
Rad
iol
ogi
cal
Pro
tec
tio
n (
ICRP
) a
nd
the
ir
sig
nif
ica
nce
for
Gre
at
Lak
es
wat
er
qua
lit
y.
The
cha
nge
s r
eco
mme
nde
d b
y I
CRP
,
in
gen
era
l,
rai
se
the
num
eri
cal
dos
e l
imi
ts
to
spe
cif
ic
org
ans
or
tis
sue
s a
s c
omp
are
d t
o
tho
se
all
owe
d
und
er
the
old
er
"cr
iti
cal
org
an"
con
cep
t.
The
cha
nge
s
the
ref
ore
per
mit
a h
igh
er
con
cen
tra
tio
n
of
mos
t
rad
ion
ucl
ide
s
in
the
Gre
at
Lak
es.
The
ICR
P c
han
ges
ref
lec
t t
hat
org
ani
zat
ion
's
re-
eva
lua
tio
n o
f b
oth
the
ris
k
and
the
dos
ime
tri
c m
eth
odo
log
y
ass
oci
ate
d
wit
h
exp
osu
re
to
ion
izi
ng
rad
iat
ion
.
The
Rad
ioa
cti
vit
y
Sub
com
mit
tee
con
clu
des
,
how
eve
r,
tha
t
the
obj
ect
ive
sho
uld
rem
ain
unc
han
ged
for
the
pre
sen
t
sin
ce
the
net
eff
ect
of
the
se
cha
nge
s
can
not
be
as
se
ss
ed
unt
il
th
e
ne
w
IC
RP
li
mi
ts
are
pu
bl
is
he
d.
The
re
are
oth
er
pri
nci
ple
s
imb
odi
ed
in
the
197
8
Wat
er
Qua
lit
y
Agr
eem
ent
wh
ic
h
act
to
li
mi
t
am
bi
en
t
ra
di
on
uc
li
de
co
nc
en
tr
at
io
ns
.
Ma
in
te
na
nc
e
or
im
pr
ov
em
en
t
of
ex
is
ti
ng
wa
te
r
qu
al
it
y
(as
set
fo
rt
h
in
Ar
ti
cl
e
IV,
Ite
m
1(
c)
),
wh
il
e
di
ff
ic
ul
t
to
ac
hi
ev
e
si
nc
e
a m
aj
or
in
pu
t
is
vi
a
fa
ll
ou
t,
is
sti
ll
a
fu
nd
am
en
ta
l
pr
in
ci
pl
e.
Th
e
pr
in
ci
pl
e
of
di
sc
ha
rg
es
fr
om
nu
cl
ea
r
po
we
r
pl
an
ts
,
be
in
g
as
low
as
re
as
on
ab
ly
ac
hi
ev
ab
le
(A
LA
RA
)
wil
l
al
so
be
ut
il
iz
ed
.
AL
AR
A
al
so
ap
pl
ie
s
to
ot
he
r
po
in
t-
so
ur
ce
inp
uts
,
su
ch
as
fr
om
mi
ni
ng
and
lo
w-
le
ve
l
was
te
man
age
men
t s
ite
s,
but
doe
s n
ot
app
ly
to
suc
h i
npu
ts
as
fal
lou
t.
NUCLEAR FUEL CYCLE
In
re
sp
on
se
to
a
re
qu
es
t
fr
om
the
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
co
nc
er
ni
ng
th
e
po
ss
ib
le
im
pa
ct
of
th
e
Ca
na
di
an
and
th
e
U.S
.
nu
cl
ea
r
fue
l
cy
cl
es
on
the
Gr
ea
t
La
ke
s
Ba
si
n,
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
pr
ep
ar
ed
a
re
po
rt
on
fue
l
cy
cl
e
ac
ti
vi
ti
es
,
wi
th
em
ph
as
is
on
wa
st
e
ma
na
ge
me
nt
;
im
pa
ct
fr
om
ty
pi
ca
l
fa
ci
li
ti
es
fo
r
bo
th
no
rm
al
and
ab
no
rm
al
op
er
at
io
n;
and
im
pa
ct
of
existing facilities.
Th
e
Su
bc
om
mi
tt
ee
co
nc
lu
de
s
th
at
an
ac
cu
ra
te
ev
al
ua
ti
on
of
th
e
im
pa
ct
is
no
t
po
ss
ib
le
at
th
is
ti
me
si
nc
e
th
e
mu
lt
it
ud
e
of
ri
sk
st
ud
ie
s
pe
rf
or
me
d
in
th
is
ar
ea
,
e.
g.
re
ac
to
r
ac
ci
de
nt
s
or
br
ea
ch
of
re
po
si
to
ry
in
te
gr
it
y,
ar
e
no
t
su
pp
or
te
d
by
an
ad
eq
ua
te
da
ta
ba
se
.
Es
ti
ma
te
s
of
ra
di
ol
og
ic
al
im
pa
ct
ar
e
mo
st
co
mm
on
ly
ma
de
by
as
se
ss
in
g
th
e
ri
sk
,
wh
ic
h
is
th
e
pr
od
uc
t
of
th
e
pr
ob
ab
il
it
y
of
an
ev
en
t
an
d
it
s
co
ns
eq
ue
nc
e;
in
mo
st
cr
it
ic
al
ar
ea
s,
ne
it
he
r
of
th
es
e
is
kn
Ow
n
wi
th
an
y
de
gr
ee
of
ce
rt
ai
nt
y.
Th
e
Su
bc
om
mi
tt
ee
co
nc
lu
de
s
th
at
th
e
ra
di
at
io
n
do
se
an
d
th
e
co
ns
eq
ue
nt
he
al
th
ef
fe
ct
s
re
su
lt
in
g
fr
om
"n
or
ma
l"
op
er
at
io
ns
in
th
e
fu
el
cy
cl
e
wo
ul
d
be
sm
al
l.
In
th
e
ar
ea
of
"a
bn
or
ma
l"
op
er
at
io
ns
,
ac
ci
de
nt
s
ar
e
po
ss
ib
le
,
pa
rt
ic
ul
ar
ly
in
po
we
r
ge
ne
ra
ti
on
an
d
in
wa
st
e
ma
na
ge
me
nt
,
wh
ic
h
mi
gh
t
ha
ve
a
su
bs
ta
nt
ia
l
im
pa
ct
.
Th
er
e
ha
s
no
t
be
en
su
ff
ic
ie
nt
op
er
at
in
g
ex
pe
ri
en
ce
in
th
es
e
ar
ea
s,
ho
we
ve
r,
to
es
ti
ma
te
th
e
pr
ob
ab
il
it
y
of
su
ch
in
ci
de
nt
s
wi
th
an
y
de
gr
ee
of
ce
rt
ai
nt
y.
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 The
impa
ct o
f ex
isti
ng f
acil
itie
s on
the
Grea
t La
kes
Basi
n ha
s, t
o da
te,
bee
n s
mall
.
Som
e p
rob
lem
area
s,
mos
t n
ota
bly
act
ive
and
aba
ndo
ned
mil
l
tai
lin
gs
pil
es
in
nor
the
rn
Ont
ari
o a
nd
com
mer
cia
l r
epr
oce
ssi
ng
was
te
in
wes
ter
n N
ew
Yor
k s
tat
e,
are
how
eve
r a
ppa
ren
t.
Whi
le
som
e r
eme
dia
l a
cti
ons
have
been
take
n, a
s de
scri
bed
in C
hapt
er 3
, fu
ture
acti
viti
es
in t
hese
area
s
sho
uld
be
clo
sel
y m
oni
tor
ed.
An
add
iti
ona
l f
act
or
whi
ch
war
ran
ts
cons
ider
atio
n is
the
spen
t fu
el p
rodu
ced
by p
ower
reac
tors
. A
ltho
ugh
both
Part
ies
are
curr
entl
y st
udyi
ng w
aste
mana
geme
nt o
ptio
ns,
the
larg
e am
ount
of
spen
t fu
el
and
the
limi
ted
stor
age
capa
city
at r
eact
or
site
s di
ctat
e
accelerated efforts in the waste management area.
UNPLANNED RELEASES DF RADIDNUCLIDES
The International Joint Commission asked the Water Quality Board to
esta
blis
h a
proc
edur
e to
rece
ive
and
asse
ss
info
rmat
ion
on u
npla
nned
rele
ases
of radionuclides into the Great Lakes. In response, the U.S. Nuclear
Regu
lato
ry C
ommi
ssio
n an
d th
e Ca
nada
Atom
ic E
nerg
y Co
ntro
l B
oard
agre
ed t
o
provide timely advice to the Water Quality Board, through its Radioactivity
Subcommittee, about unplanned releases of radionuclides into the Great Lakes.
Beginning in 1979, the date of implementation of this procedure, the
reporting of unplanned releases will be treated as follows: After receipt of
information about a given incident from the NRC or the AECB, the Secretary of
the Radioactivity Subcommittee will notify the appropriate agency
representatives on the Subcommittee who will, in turn, assess the available
information. A report would be provided to the Water Quality Board. If the
incident is significant, the Board would be informed immediately. All
unplanned releases, as described above, will in the future be reported by the
Radioactivity Subcommittee through its Appendix D.
INPUTS FROM MEDICAL AND INDUSTRIAL USES OF RADIONUCLIDES
Medical and industrial discharges of radionuclides through municipal
sewage treatment plants have little effect on radioactivity levels in the
Great Lakes. Most of the radionuclides reaching the plants are either
naturally occurring or due to fallout from weapons testing, although small
quantities of short-lived radionuclides used in nuclear medicine are present.
Most of the radioactivity is removed with the sludge in the treatment of the
sewage, and concentrations in the sludge are similar to those found in normal
soils. The level of radioactivity remaining in the effluent is less than that
found in rainfall.
SURVEILLANCE
Present radioactivity surveillance activities on the Great Lakes and the
data they generate are generally adequate to determine compliance with the
radioactivity objective and to determine trends in the radiological quality of
the water. The programs are, however, not adequate to determine total intake
of radionuclides by man from drinking water and eating fish from the lake, nor
are the present programs adequate to determine the dispersion and fate of
radionuclides in the biota and the sediment. Radioactivity surveillance
activities in the Great Lakes Basin are expected to improve in the next few
years as the radioactivity surveillance plan is implemented and as drinking
water monitoring requirements are strengthened.
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LAKE ASSESSMENT
In accordance with the changes introduced by ICRP, discussed in Chapter 2,
the "doses" presented here are impTied vaTues incorporating the weighting
(risk) factors as promuTgated in ICRP PubTication 26.
The overaTT radioTogicaT quaTity of the Great Lakes remains essentiaTTy
unchanged from 1977. Differences in the reported TeveTs of radioactivity for
the open Takes are not Targe and are not consistent enough to support attempts
at Tong—term projection. °Sr is stiTT the most important contributor to
the annuaT dose to man. The ingestion of 9°Sr in water from the Great Lakes
woqu yierdoses of 0.02, 0.10, 0.05, 0.05, and 0.06 mrem for water from Lake
Superior, Lake Michigan, Lake Huron, Lake Erie, and Lake Ontario,
respectiveTy; these doses are simiTar to those reported for previous years.
The average concentration of 3H in each of the Great Lakes ranges from Tess
than 260 to 400 pCi/L, which is equivaTent to an annuaT dose of 0.03 mrem or
Tess. The maximum annuaT dose due to ingestion of Take water (except from the
Serpent Harbour area and in the vicinity of Port Hope) woqu come from
drinking water from Lake Michigan; this dose (0.13 mrem) is considerabTy Tess
than the objective of 1 mrem per year.
The average 1978 concentration of 226Ra at the mouth of the Serpent
River was 2.4 pCi/L, which is Tess than the Ontario criterion of 3.0 pCi/L for
pubTic surface water suppTies. This average concentration is equivaTent to an
annuaT dose of 1.0 mrem. The data indicate that the major sources of
radioactivity are probabTy naturaT inputs from the bedrock and aTso the resuTt
of Teaching from taiTings piTes at abandoned mines in the Serpent River Basin.
Ingestion of raw water in the Port Hope area woqu resuTt in an additionaT
dose of 0.09 mrem because of the presence of 226Ra in the water.
ATthough eTevated TeveTs of 3H were reported weTT upstream in Catta—
raugus Creek, which drains the area surrounding the NucTear FueT Services
site, the average TeveTs reported in the vicinity of the creek mouth in Lake
Erie are beTow the detection Timit.
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CALCULATION OF ALLOWABLE CONCENTRATION OF 9°SR
To
cal
cul
ate
the
num
eri
cal
val
ue
for
the
annu
al
dos
e e
qui
val
ent
limi
t,
Hwb’
L, f
or u
nifo
rm i
rrad
iati
on t
o th
e wh
ole
body
, th
e do
se e
quiv
alen
ts t
o
the
ind
ivi
dua
l
org
ans
or
tis
sue
s
are
sum
med
,
usi
ng
the
equ
ati
on:
>3T wTHT < Hwb,L
whe
re
WT
is
a w
eig
hti
ng
fac
tor
app
lie
d t
o e
ach
tis
sue
, a
nd
HT
is
the
ann
ual
dos
e e
qui
val
ent
,
exp
res
sed
in
rem
s,
in
tis
sue
(T)
.
The
val
ues
of
WT
rec
omm
end
ed
by
ICR
P a
re
giv
en
in
Tab
le
38.
HT,
at
a p
oin
t i
n a
tissue is given by:
HT = DQN
whe
re
D
is
the
abs
orb
ed
dos
e,
Q
is
the
qua
lit
y
fac
tor
app
lic
abl
e
to
the
abs
orb
ed
rad
iat
ion
,
and
N
is
the
pro
duc
t
of
all
oth
er
mod
ify
ing
fac
tor
s.
Rad
ioa
cti
vit
y
in
the
Gre
at
Lak
es
is
mai
nly
a r
esi
dua
l
fro
m
nuc
lea
r
we
ap
on
s
te
st
in
g.
In
ad
di
ti
on
,
nu
cl
ea
r
fa
ci
li
ti
es
and
na
tu
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ll
y-
oc
cu
rr
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g
ra
di
oa
ct
iv
e
ma
te
ri
al
ma
ke
sma
ll
co
nt
ri
bu
ti
on
s
to
the
tot
al
eq
ui
va
le
nt
dos
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9°S
r,
wh
ic
h
en
te
re
d
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fa
ll
ou
t
fr
om
we
ap
on
s
de
br
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,
is
the
ma
jo
r
co
nt
am
-
ina
nt.
Th
e
co
nc
en
tr
at
io
n
of
9°
Sr
in
the
am
bi
en
t
wa
te
rs
of
the
Gr
ea
t
La
ke
s
is about 1 pCi/L.
9°
Sr
is
a
bo
ne
se
ek
er
.
Un
de
r
th
e
fo
rm
er
IC
RP
pr
oc
ed
ur
e
(1
),
bo
ne
wa
s
co
ns
id
er
ed
as
on
e
or
ga
n.
In
th
e
ne
w
tr
ea
tm
en
t,
in
tr
od
uc
ed
in
Pu
bl
ic
at
io
n
26
(7
),
bo
ne
is
se
pa
ra
te
d
in
to
se
ve
ra
l
co
mp
on
en
ts
,
e.
g.
re
d
bo
ne
ma
rr
ow
an
d
bo
ne
su
rf
ac
es
.
Ea
ch
ha
s
it
s
ow
n
we
ig
ht
in
g
fa
ct
or
(T
ab
le
38
)
an
d
it
s
ow
n
im
pl
ie
d
do
se
li
mi
t.
Th
er
ef
or
e,
th
e
do
se
to
ea
ch
co
mp
on
en
t
mu
st
be
su
mm
ed
to
obtain the whole body dose.
Fo
r
th
e
fo
rm
er
IC
RP
me
th
od
ol
og
y,
th
e
bo
ne
-t
o-
wh
ol
e-
bo
dy
do
se
ra
ti
o
wa
s
th
ir
ty
re
m
to
fi
ve
re
m.
Th
e
ob
je
ct
iv
e
is
1
mr
em
,
an
d
th
is
tr
an
sl
at
es
to
a
bo
ne
do
se
of
6
mr
em
.
Th
e
in
ge
st
io
n
of
wa
te
r
co
nt
ai
ni
ng
9°
Sr
at
1
pC
i/
L,
at
th
e
IC
RP
ra
te
of
2.
2
L/
d
fo
r
a
on
e-
ye
ar
pe
ri
od
gi
ve
s
an
an
nu
al
in
ta
ke
,
I,
of: *
(1
pC
i/
L)
(2
.2
L/
d)
(3
65
.2
5
d/
a)
H
I
I
v803 pCi/a
Th
e
re
su
lt
an
t
fi
ft
y
ye
ar
do
se
,
05
0,
ma
y
be
ca
lc
ul
at
ed
fr
om
th
e
eq
ua
ti
on
:
50
. t
51 2 61 I0
05
0
=
m
R(
t)
d
wh
er
e
e
is
th
e
ef
fe
ct
iv
e
en
er
gy
re
le
as
e
pe
r
di
si
nt
eg
ra
ti
on
in
bo
ne
,
m
is
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 TABLE 38
W
E
I
G
H
T
I
N
G
F
A
C
T
O
R
S
a
 
NEIGHTING
TISSUE FACTOR, WT
G
o
n
a
d
s
0
.
2
5
B
r
e
a
s
t
0
.
1
5
R
e
d
B
o
n
e
M
a
r
r
o
w
0
.
1
2
L
u
n
g
’
0
.
1
2
T
h
y
r
o
i
d
0
.
0
3
B
o
n
e
S
u
r
f
a
c
e
s
0
.
0
3
R
e
m
a
i
n
d
e
r
(
o
t
h
e
r
t
i
s
s
u
e
s
0
.
3
0
or organs)b
  
F
r
o
m
R
e
f
e
r
e
n
c
e
(
7
)
.
T
h
e
r
e
m
a
i
n
d
e
r
(
0
.
3
0
)
o
r
t
i
s
s
u
e
s
r
e
c
e
i
v
i
n
g
t
h
e
h
i
g
h
e
s
t
d
o
s
e
e
q
u
i
v
a
i
e
n
t
.
i
n
t
e
s
t
i
n
a
i
t
r
a
c
t
is
i
r
r
a
d
i
a
t
e
d
,
t
h
e
i
a
r
g
e
i
n
t
e
s
t
i
n
e
,
a
n
d
separate organs.
is
a
i
i
o
c
a
t
e
d
e
q
u
a
i
i
y
t
o
t
h
e
f
i
v
e
o
t
h
e
r
o
r
g
a
n
s
When the gastro—
s
t
o
m
a
c
h
,
s
m
a
i
i
i
n
t
e
s
t
i
n
e
,
u
p
p
e
r
i
o
w
e
r
i
a
r
g
e
i
n
t
e
s
t
i
n
e
a
r
e
t
r
e
a
t
e
d
a
s
f
o
u
r
96
 the
bone
mass
, an
d R(
t)
is t
he r
eten
tion
func
tion
for
90Sr
in b
one.
Usin
g
values for these parameters and the integral given in ICRP 10 (6), the
fifty-year dose resulting from a one year's intake, 1, of 803 pCi is:
51.2 dis' 'rad 5.5 Me d‘ d . '°
D = ( d°uCi'Mgv J [( ggousg(rem/ra )) (803 X 10-6 “C1][0'3)(Zggﬁ%%l_g)
6.88 mrem
The
new
ICR
P m
eth
odo
log
y r
equ
ire
s t
hat
sep
ara
te
wei
ght
ed
dos
es
to
the
target organs, red marrow (m) and bone surfaces (endosteum cells, e), be
sum
med
to
obt
ain
the
tot
al
bon
e d
ose.
For
9°Sr
, t
he
sou
rce
and
tar
get
organs differ, with the source organs considered to be cortical bone (c) and
tra
bec
ula
r b
one
(t)
.
In
add
iti
on,
whi
le
the
eff
ect
ive
ene
rgy
rel
eas
e,
6,
use
d i
n t
he
pre
vio
us
cal
cul
ati
on
is
adj
ust
ed
to
acc
oun
t f
or
ene
rgy
rel
eas
ed
by
the
90S
r d
eca
y p
rod
uct
s,
the
new
met
hod
req
uir
es
tha
t t
he
spe
cif
ic
eff
ect
ive
ene
rgy
(SEE
) o
f e
ach
be
cal
cul
ate
d s
epa
rat
ely
.
Per
for
min
g t
his
ste
p u
sin
g
ICR
P S
EE
val
ues
cal
cul
ate
d b
y t
he
met
hod
of
Spi
ers
, a
nd
ICR
P v
alu
es
for
9 S
r
in
bon
e p
rov
ide
d b
y t
he
Ont
ari
o M
ini
str
y o
f H
eal
th
(8),
the
res
ult
s f
or
the
endosteal cells, e, are:
 
SE
E
(e
+
c)
=
2.
5
x
10
'5
gv
S¥
s
Pa
re
nt
90
Sr
SEE
(e
+ c
) =
1.4
x 1
0'”
gr§
¥s
Dau
ght
er
90Y
SEE
(e
+ t
)
= 4
.6
x 1
0'5
gvg
gs
Par
ent
9‘i
Sr
SEE (e + t) = 1.5 x 10-“ §¥§¥§ Daughter 9°v
For red bone marrow, m, the results are:
Mev
=
-7
_
_
_
.
90
SEE (m + c) 6.17 x 10 g.dis Parent Sr
=
-5
_M
21
_
so
SEE (m + c) 1.5 x 10 g.dis Daughter Y
SEE
(m
+ t
)
= 4
.5
x 1
0-5
—M
§¥—
Par
ent
9°S
r
g-dis
Mev
_ -n so
SE
E
(m
+
t)
—
2.
7
x
10
g.
di
s
Da
ug
ht
er
Y
Th
es
e
va
lu
es
mu
st
th
en
be
mu
lt
ip
li
ed
by
th
e
fi
ft
y-
ye
ar
in
te
gr
al
of
th
e
re
te
n-
ti
on
fu
nc
ti
on
s,
U,
fo
r
9°
Sr
in
bo
ne
.
Th
e
in
te
gr
al
va
lu
es
ma
y
be
fo
un
d
in
Ta
bl
e
34
(b
)
of
IC
RP
Pu
bl
ic
at
io
n
20
(9
):
UC 399 uCi days
ut 158 uCi days
97
  
Th
e
fi
ft
y-
ye
ar
do
se
s
pe
r
un
it
in
ta
ke
are
fo
un
d
to
be:
05%
51.
2
[(3
99)
(1.
6
x
10-
“)
+
(15
8)(
2.0
x
10-
“)]
4.9 rem/uCi (biood)
m 51.2 ((399)(1 6 x 10-5) + (158)(3.2 x 10-“))
3 r
em/
uCi
(bi
ood
)
U
m 0
l
l
The
n,
usi
ng
the
ICR
P v
aiu
e o
f 0
.3
for
the
ing
est
ion
-to
-bi
ood
fra
cti
on
and
the
wei
ght
s g
ive
n i
n T
abT
e 3
8 f
or
red
bon
e m
arr
ow
and
for
end
ost
eai
cei
is,
the
fif
ty—
yea
r d
ose
fro
m o
ne
yea
r's
int
ake
of
wat
er
wit
h a
9°S
r c
onc
ent
rat
ion
of
1 pCi/L is found to be:
(8.0
3 x
10~“
uc1)
(0.3
) (
(0.0
3)(4
.9 r
em/u
Ci)
+ (o
.12)
(3 o
rem/
uCi)
]
0.12 mrem
Dso
In
sum
mar
y,
the
n,
the
for
mer
ICRP
met
hod
ret
urn
s a
bon
e d
ose
of
6.8
8 m
rem
,
and
the
new
er
a d
ose
of
0.1
2 m
rem
, f
rom
the
ann
uaT
ing
est
ion
of
Take
wat
ers
con
tai
nin
g 1
pCi
/L
of
9°Sr
.
In
ter
ms
of
the
rad
ioa
cti
vit
y o
bje
cti
ve,
the
01d
ICRP
tre
atm
ent
wou
1d
equ
ate
a 1
mre
m w
hoi
e b
ody
dos
e t
o a
6 m
rem
bon
e
dose
, a
nd
the
wat
er
con
cen
tra
tio
n r
equ
ire
d t
o r
eac
h t
he
1 m
rem
obj
ect
ive
wou
id
be:
(1 pCi/L) [—E~§%—$§§§—J = 0.87 pCi/L (01d ICRP)
The
new
ICR
P
tre
atm
ent
wou
1d
equ
ate
the
sum
of
the
wei
ght
ed
red
bio
od
mar
row
and
en
do
st
ea
]
do
se
s
to
a
1 m
re
m
wh
oi
e
bo
dy
do
se
and
th
e
re
su
it
in
g
ob
je
ct
iv
e
concentration wouid be:
(1
pC
i/
L)
[—
6T
T%
—g
§g
%—
J
=
8.
33
pC
i/
L
(n
ew
ICR
P)
Uti
iiz
ati
on
of
the
new
ICR
P m
eth
odo
iog
y,
the
ref
ore
,
aii
ows
an
inc
rea
se
in
9°S
r w
ate
r c
onc
ent
rat
ion
by
abo
ut
a f
act
or
of
10.
Oth
er
rad
ion
uci
ide
s
wou
id,
of
cou
rse
,
yie
id
dif
fer
ent
rat
ios
,
ait
hou
gh
the
gen
era
i
tre
nd
is
to
aii
ow
hig
her
con
cen
tra
tio
ns.
As
a p
oin
t f
or
ref
ere
nce
,
it
mig
ht
be
not
ed
tha
t t
he
new
,
1ar
ger
vai
ue
(8.
33
pCi
/L)
for
9°S
r i
s v
ery
cio
se
to
the
con
cen
tra
tio
n
aii
owe
d
(8.
0
pCi
/L)
for
fin
ish
ed
dri
nki
ng
wat
er
und
er
the
U.S
. N
ati
ona
i
Int
eri
m P
rim
ary
Dri
nki
ng
Wat
er
Reg
uTa
tio
ns
(10
).
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